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APPENDICES 





Certain tables, maps and data were proposed to be published separately as 
appendices. In the final preparation of the report, it was deemed more 
appropriate to include the tables and figures, intended to be published as 
Appendix "A" and "B", in the body of the report. The raw basic data is 
published in separate document as follows: 


Water Quality of James, Elk, and Spring River Basins 
Appendix C —- Biological Data 


Appendix D - Water Quality Data 
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SUMMARY , CONCLUSIONS, AND RECOMMENDATIONS 
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Summary ; 


The Stream Survey of the James, Elk, and Spring River Basins was started in the 
summer of 1964 and completed in the summer of 1965, Fifty-two stations were 
sampled throughout the three basins. Samples were collected once during each 
season of the Stream Survey. Several water quality parameters which require 
immediate analysis were measured at each station in a mobile laboratory used 


during the survey. 


The James, Elk, and Spring River Basins cover over 4,000 square miles in the 
southwestern corner of Missouri. The North Fork of the Spring River differs 
from the rest of the study area in that it is classed as a prairie stream. The 
remainder of the Spring River and its tributaries plus the Elk and James Rivers 


and their tributaries are more typical Ozark streams. 


The geologic structure of the area results in much intersection of surface and 
groundwater. Base flows in all but the northern portion of the Spring River Basin 


are well maintained by groundwater inflow and spring discharges. 


The importance of the mineral resources of the area has diminished in recent 


years. 


\ Recreational use is high in all three basins. The clear, fast-moving waters typical 


\ 
} of these streams attract many visitors. High aesthetic values are also associated 
‘ 
| with these streams. 
- ] 


Water supplies are provided primarily by potable groundwater sources. A few 
| cities, for example, Joplin and Springfield, use surface water supplies as their 


4 primary source or as an auxiliary supply. 


Municipal and industrial discharges are located in all three river basins. In the 
James River Basin, municipal wastes contribute the largest volume discharged, In 
the Spring River Basin, discharges from both municipal and industrial sources are 


Significant, while in the Elk River Basin industry is the major contributor of wastes. 











Guaging measurements showed that Wilson Creek loses and gains flow at various 
points due to the Karst topography of the area. With the exception of wet 
weather streamflows, the discharge from the Southwest Sewage Treatment Plant 


at Springfield provided nearly 100% of the low flow in Wilson Creek, 


Dissolved oxygen was depressed in Wilson Creek and in Rader Spring downstream 

from the Springfield Southwest Sewage Treatment Plant. This adversely affected 
several of the James River stations downstream from the Wilson Creek confluence 
during certain seasons. Oxygen concentrations were periodically depressed for 

at least 14 miles downstream from the mouth of Wilson Creek. The James River 
appeared to improve downstream from J-6 with higher oxygen concentrations observed 


further downstream at J-/ and J-8. 


High concentrations of nitrogen and phosphorus were found in the Wilson Creek 
samples. Most of the nitrogen was in the form of ammonia, a decomposition product 


of sewage which is toxic to aquatic life. 


Coliform bacteria counts were highest in the Wilson Creek portion of the James 
River Basin, Significant concentrations also were found in Finley Creek at 


J£-3 below Ozark, Flat Creek at Jfl-1 below Cassville, and Pearson Creek at Jp-1l. 


Very little variation was found in any of the chemical and bacteriological parameters 
analyzed at the Elk River Basin sampling stations» The coliform concentration was 


slightly higher than normal in Indian Creek at Ei-2 during the summer survey. 


In the Spring River Basin, Center Creek at times showed the highest concentration 
of pollutants. The inflow of pollutants from Grove Creek into Center Creek 

lowered the pH, increased the specific conductance by 200 to 300 micromhos, and 
increased the concentration of sulfates, phosphates, manganese, cilica, sodium, and 
fluoride, In the downstream area specific conductance and sulphates continued to 


increase, whereas the other parameters gradually moved toward the normal range. 


The alkalinity and the degree of mineralization of surface waters were lower in 


the North Fork of the Spring River than in the other tributaries. 





Conclusions: 


The water quality of the upper James River was generally good as indicated from 
samples taken from J-l through J-4. Certain parameters investigated on Pearson 
Creek, Jp-l, and Sequiota Creek, Js-l, create some suspicion. Nitrates were 
consistently high on Pearson Creek and coliform bacteria numbers were high during 
one low flow season. Data from benthic collections on Sequiota Creek showed a 
disturbed condition. Seepage from septic tank-tile field systems on the east 
side of Springfield entered sinkhole areas which supply groundwater flow into 
these two creeks. The benthos in Sequiota Creek appeared to be affected by 


sedimentation from industrial sources. 


The water of Wilson Creek was polluted by the discharge from Springfield's 
Southwest Sewage Treatment Plant. The effect of Wilson Creek on James River 
extended for a considerable distance. Stations J-5 and J-6 (14 miles below the 
mouth of Wilson Creek) during low flow periods showed the direct adverse effects 
of abundant organic wastes, for example, depression of dissolved oxygen, high 

ammonia, excessive nutrients and increased specific conductance. Stations J-/ 

| and J-8 consistently had supersaturations of dissolved oxygen during daylight 

| sampling periods. This was produced by heavy growths of filamentous algae at 


these points which were believed to be due to nutrient material from Wilson Creek. 


The quality of surface water and groundwater in the Wilson Creek area is greatly 
influenced by the Karst topography common to the area. Wilson Creek loses and 


: gains a substantial quantity of flow at times. The water of Rader Spring was 










polluted due to influence of the treatment plant effluent and the geological 


formations in the area, 


A portion of Finley Creek below the City of Ozark was polluted by untreated wastes 
from a cheese processing industry, The discharge from the sewage treatment 

facility serving the City of Ozark added significant coliform bacteria concentrations 
fo Finley Creek, These effects on Finley Creek were diminished, for the most part, 


at Jf£-4, approximately seven miles downstream from the City of Ozark. 


The two remaining tributaries of significant size in the James River Basin, 


Crane Creek and Flat Creek, were generally of good quality at their confluence 








with the James River. The sampling stations on these creeks below the cities of 
Cassville and Crane showed slight evidence of receiving any wastes anc these 


effects extended for only a short distance downstream. 


The water quality of the Elk River with one exception was excellent. Although TE, 
several industrial waste discharges are found in this basin, they are at points 

where they are rapidly assimilated by the receiving stream. Ei-2 was the only I 
station showing evidence of waste discharges. This was indicated by a slight 

elevation in coliform numbers and a disturbance in the benthic community at that 


point. 


The water quality of the upper reaches of the Spring River at stations S-1 and 
S-2 was affected by periodic discharges from industrial sources. The benthic 
data at S-2 had some unusual characteristics which varied with the season. The 
winter collection contained very few clean water organisms, while the spring and 
summer data indicated good water quality. S-3 was affected bacteriologically by 
the small stream receiving a discharge from the City of Aurora during the winter 
and spring surveys. These were the only periods in which this small creek from 


Aurora carried any flow. 


Spring River at stations S-4 and S—-5 consistently had high quality water. Williams 
Creek, Sw-l, which entered upstream from S-4 had little effect upon the main stem 
of the Spring River. Williams Creek receives municipal and industrial waste 
discharges from the City of Mount Vernon and was polluted by these discharges 


during low flow periods. 





The discharge from the sewage treatment facility of the City of Carthage plus 
turbid industrial wastes combined to lower the water quality of the Spring River 
at station 5-6. High bacteria concentrations which resulted from the municipal 
discharge, were found here; increased turbidity readings were attributable to the 
industrial discharge near Carthage. These two factors combined to lower the 
number of types of macroinvertebrates found at this point. Good water quality 


was found at the downstream Spring River stations, S-7 and S-8, 


The North Fork of the Spring River is a prairie type stream that receives the 
lagoon discharge from the City of Lamar. During low stream flows the lagoon 


discharge has a noticeable effect upon Snf-2. 





i 


Overland runoff is the chief source of water in the North Fork of Spring River. 
The water of the North Fork of the Spring River was more turbid than the water in 
the other streams in the Spring River Basin, due to more intensive agriculture 
activities and the prairie type setting. Very little flowing groundwater is 


present, resulting in low alkalinity and low specific conductance, 


Center Creek downstream from the entrance of Grove Creek was seriously polluted, 
Discharges from an industrial complex along Grove Creek were found to contain high 
concentrations of ammonia which created a significant oxygen demand in Center Creek. 
Other parameters which were altered significantly were pH, alkalinity, specific 
conductance, phosphates, sulfates, silica, and fluoride. Mine water influenced 

the water quality of Center Creek at stations further downstream. Seepage of 
groundwater into Center Creek at various points downstream from Sc-5 accounted for 


the steady increase in specific conductance, sulfates and heavy metals. 


Benthic invertebrate populations at stations Sc-4, through Sc-8, a distance of 18 
miles, indicated the severe impact of the waste discharges and mine water inflows 
at Sc-5 through Sc-6. The seepage plus the discharges associated with Grove Creek 
were thought to be toxic to bacterial growths. A raw sewage discharge from the 
City of Carterville plus treated wastes from Webb City should have caused a great 
increase in coliform numbers at several downstream Center Creek stations; however, 


no significant increase was observed. 


Shoal Creek and Turkey Creek, which were sampled only briefly, showed little or no 
change in the water quality from that found in a 1958-59 study, 


The discharge from Joplin's Turkey Creek Sewage Treatment Plant provides practically 
all the flow in Turkey Creek with the exception of high stream flows. Consequently, 
Turkey Creek below the plant's discharge was severely polluted. 


The water quality of Shoal Creek was generally high with only slight variations, 
caused by waste discharges, in a few parameters. The two largest discharges to 
Shoal Creek, municipal wastes from the City of Neosho and from a sewage treatment 
Plant serving a portion of Joplin, are small compared to the flow in Shoal Creek 
and are quickly assimilated. 








Recommendations: 


As a result of the stream survey, certain problems were recognized and more 
clearly defined. From the understanding and recognition of these problems : 


the following recommendations are suggested; 


James River Basin: 


1. The City of Springfield should proceed, on schedule or at an earlier 
date, with the order handed down by the Clean Water Commission on 
May 10, 1972 in order to comply with the established Water Quality Standards 
for the James River. 


2. The City of Springfield should proceed with extending sewer service to ls 
adequately match the City's growth. Of prime concern are areas presently 
on septic tank-tile field systems in areas associated with Karst 
topography. 


3. Recognizing that Finley Creek immediately downstream from the City of 
Ozark is used extensively for recreational purposes, the City of Ozark 
and Major Cheese Incorporated should take steps to insure this reach of 
Finley Creek complies with the established Water Quality Standards, 


Elk River Basin: 


1. The industry which now discharges to the Elk River Basin from inadequate 
treatment facilities should develop and implement measures to provide 
adequate treatment for their wastes or eliminate their discharge. 


Spring River Basin: 


1. The industrial complex presently discharging to Center Creek via Grove 
Creek should develop and maintain a rigorous program for the elimination 
of water quality problems in Center Creek associated with its discharges | 
in order to comply with established Water Quality Standards. 


2. The use of, and subsequent discharge of, mine water in the portion of the 
tri-state lead belt area near Center Creek should be discouraged. 


3. Industry involved in any process which would create a discharge containing 
any metal wastes should be discouraged from locating in the Center Creek 
watershed or any other area suspected of being connected to the Center 
Creek watershed by groundwater inflow. 
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II. INTRODUCTION 


PROGRAM OBJECTIVES 


Certain objectives were incorporated with the establishment of the Stream Survey 


Program. 


These objectives were designed to reveal the natural water quality and 


quantity, man's influence on these parameters, and means of maintaining or inm- 


proving water quality for all legitimate water uses of both the present and the 


future. 


Specifically these objectives are: 


1. 


To determine the extremes or range of quantity, the increment of ground 
flow in total stream quantity, the pattern of availability and mass move- 


ment of water in the stream, and the loss of stream flow to underground 
aquifers. 


To determine the present water use and the anticipated use as to the 
future quantity and quality requirements for municipal water supplies, 
sewage disposal, industrial use, recreational use, fish and wildlife, 
agriculture and other beneficial uses. 


To establish trends of chemical, physical and biological characteristics 
of the water, as peculiar to the geological formations and the physical 


characteristics, both natural and man-made for each of the various stream 
basins. 


Through the initial survey and continuous monitoring, establish changes 
in the characteristics of the water due to pollution. 


To compile data on the 


effects of various waste discharges upon the 
Stream under different 


natural conditions for pollution abatement needs. 


To locate and evaluate 


waste discharges to the stream to insure compliance 
with established water 


quality standards. 


To collect data useful 


to municipal, industrial, agricultural, recreation-— 
al, fish and wildlife, 


individual, and all other legal users. 


To procure stream data and conduct public meetings to determine local 


sentiment as to the beneficial uses for which the stream should be 
preserved. 


IMPLEMENTATION 


Personnel 


Two engineers are assigned to the Stream Survey Program under the section of 


Stream Surveys and Industrial Wastes. 


is the responsibility of one of the engineers. 


The collection and analysis of samples 


This engineer is also responsible 


for the preparation and shipment of samples requiring special analyses to the 


United States Geological Survey, Water Quality Branch, Little Rock, Arkansas, 


when such data are required. 





Under the Water Quality Section of the Missouri Department of Conservation two 
aquatic biologists are involved in the Stream Survey Program. The collec- 
tion and identification of the benthic organisms is the responsibility of one 


of these biologists. 


Stream flow measurements are made at the time of sample collection by a hydraulic 
engineer from the United States Geological Survey, Surface Water Branch, Rolla, 
Missouri. This hydraulic engineer is furnished through the Missouri Geological 


Survey by an agreement between the two agencies. 


Sampling 


The selection of sampling stations is done in a manner which best shows stream 
characteristics, both natural and man-made. Certain criteria used in the 


individual selections are: 7 


1. At or near waters used for municipal, industrial, agricultural, and 
fishing and recreational purposes. 


2. Above all known sources of waste discharges. 


3. At points below known sources of waste discharge to reflect any changes 
in water quality. 


- 


Near state boundaries to determine the quality of waters entering or 
leaving the state. 
Where it is possible, sampling stations are located at flow gauging stations 


established and operated by the United States Geological Survey. 


The collection of the samples for chemical and physical analyses were made by the 
methods described in Standard Methods for the Examination of Water and Waste— 

water, 12th edition, 1965. Ample volumes of sample water are collected. A 

portion of this is preserved to be used in the central laboratory for certain | 
analyses while the other is left untreated for field analyses in the mobile labora- 

tory and also for several analyses to be made in the central laboratory which do 


not require preservation. 


—>_— - 


The surveys are scheduled such that the stations in each basin may be sampled 


during each season of the year. 


Each stream survey is divided by the most suitable method possible to allow for 
the collection of samples in the maximum of a five-day work period. Im the 
case of the James, Elk and Spring Stream Surveys, two weeks were required for 
the collection of all the samples. The Spring River Basin was sampled in a 

one week period and the Elk and James River Basins were combined and sampled 

in a five-day week. Sampling station locations and descriptions are found in 
Figures II-l, 2 and Tables II-l, 2. 


Analyses 


With the aid of the mobile laboratory,the parameters which are normally subject 


to rapid degradation,can be analyzed immediately after collection. 


The analyses which are produced at the sampling station are: 


Temperature 

pH 

Alkalinity 

Dissolved Oxygen 
Nitrite - Nitrogen 
specific conductance 
Total Hardness 

. Calcium Hardness 

. Total Coliform 

10. Fecal Coliform 

ll. Fecal Streptococcus 
12. Turbidity 

13. Stream Flow (U.S.G.S.) 


wonnun & Ww hee 


The remainder of the parameters are analyzed in the central laboratory after 
completion of each survey. A complete listing of all the analyses performed 


is found in Appendix D. 


When the presence of certain metallic ions is suspected, i.e., lead, zinc, 


chromium, etc., a special sample is collected, preserved and shipped to the 


U.S. Geological Survey, Water Quality Branch, Little Rock, Arkansas, for 
analysis. 





FIGURE II - I 
SAMPLING STATIONS 
JAMES RIVER BASIN 
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FIGURE II - 2 
SAMPLING STATIONS 
ELK AND SPRING BASINS 
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TABLE IL > 1 
SAMPLING STATION LOCATIONS 
JAMES, ELK, AND SPRING BASINS 


James River Basin 


STATION MAP NO. STREAM MILE COUNTY DESCRIPTION 





J=1 1 350-103 Greene Approximately 150 ft. upstream 
from a county road bridge, Sec. 24, 
T29N, R20W. 


J=2 2 550-97 Greene Approximately 500 ft. upstream 
from Highway "D" Bridge, Sec. 31, 
T29N, R20W. 

Jp-1 3 550-94-1 Greene Approximately 75 ft. downstream 


from Highway "D'' Bridge, Sec. 35 
T29N, R21W. 


Js-1 4 550-90-0.5 Greene Under Highway "60 and 65" Bridge, 

Sec. 16, T28N, R21W. 
J=3 5 550-86 Greene Approximately 300 ft. upstream 

from Highway "160" Bridge, Sec. 26, 

T28N, R22W. | 
J=-4 6 550-79 Christian Approximately 300 ft. downstream { 


from a county road bridge, Sec. 6, 
T27N, R22W. 


Jw-1 7 350-7 7=5 Greene Approximately 1,000 ft. downstream 
from a county road bridge, Sec. 18, 
T28N, R22W. 


Jwsp-1 8 550-77-5 Greene Approximately 150 ft. downstream 
from a county road bridge, Sec. 26, 
T28N, R23W. 


Jw-2 9 550-—/ 7-1 Christian Approximately 100 ft. downstream 
from a county road bridge, Sec. l, 
T27N, R23W. 





J-5 10 550-70 Christian Approximately 300 ft. upstream 
from a county road bridge, Sec. 32, 
T27N, R22W. 

Ji-l LL 5500-67-21 Christian Approximately 300 ft. downstream 
from a county road bridge, Sec. 14, 
T2Z7N, R2O0W. 


J£-2 12 550-67=18.5 Christian Approximately 60 ft. downstream 
from Highway "125" Bridge, Sec. 16, 
T27N, R20W. 


ik 


James River Basin (cont. ) 
STATION MAP NO. STREAM MILE COUNTY DESCRIPTION 


JEi=3 13 550-6/7-12 Christian Approximately 300 ft. upstream 
from Highway "65'' Bridge, Sec. 27, 
T27N, R21W. 


J£=-4 14 550-67-6 Christian Approximately 100 ft. downstream 
from Highway "160" Bridge, Sec. 1, 
T26N, R22W, 


J-6 15 550-60 Stone Approximately 300 ft. downstream 
from a county road bridge, Sec. 19, 
T26N, R22W. 


Je=L 16 550-50-0.5 Stone Approximately 120 ft. downstream 
from Highway "AA" Bridge, Sec. 21, 
T25N, R23W. 


J-7 17 550-48 Stone Along Highway "AA' in the southwest 
quarter of Sec. 21, T25N, R23W. 


| J-8 18 550-36 Stone West 0.7 mile on Highway "148" from 
tah Galena Square then south 1.9 miles 
on a gravel road, Sec. 14, T24N, R23W. 


Jf1-1 19 550-27-43 Barry Approximately 50 ft. upstream from 
a county road bridge, Sec. 10, 
T23N, R27W. 

J£1-2 20 550-27-13 Barry Approximately 600 ft. upstream from 
Highway "EE" Bridge, Sec. 34, T24N, 
R25W. 


Elk River Basin 


Ebs-1 21 114-36-18 McDonald Approximately 100 ft. downstream 
from Highway "E'' Bridge, Sec. 16, 
T22N, R30W. 

Els-1 22 114-36-12 McDonald Approximately 100 ft. downstream 


from State Highway "71" Bridge, 
Sec. 34, T21N, R31W. 


E-1 23 114-36 McDonald Approximately 150 ft. downstream 
from Highway "71" Bridge, Sec. 34, 
T22N, R32W. 

Ei-1 24 114-31-8 McDonald Approximately 100 ft. downstream 


from Highway "76" Bridge, Sec. 18, 
T22N, R32W. 





STATION MAP NO. 


Ei=2 


E-2 


s=<1 


§-3 


Sh-1 


Sw-1 


5-5 


S-6 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


Elk River Basin (cont.) 


STREAM MILE 


114-31-1.5 


114-39 


114-16 


1 mile in 
Missouri 


Spring River Basin 


131-113 


131-110 


131-108 


131-102-0.5 


131-98-3 


131-94 


131-76 


131-67 





COUNTY 


McDonald 


McDonaid 


McDonald 


McDonald 


Lawrence 


Lawrence 


Lawrence 


Lawrence 


Lawrence 


Lawrence 


Jasper 


Jasper 





DESCRIPTION 


Approximately 1,000 ft. upstream 
from Highway "71" Bridge, Sec. 25, 
T22N, R33W. 


Floyd Kirk farm along Highway "59", 
Sec. 1, T21N, R33W. 


Approximately 50 ft. downstream 
from Highway "43" Bridge, Sec. 22, 
T22N, R34W. 


Approximately 150 yds. downstream 
from Highway "43" and "76" Bridge, 
Sec. 4, T22N, R34W. 


Approximately 50 ft. upstream from 
Old Highway "60" Bridge, Sec. 20, 
T26N, R26W. 


Approximately 30 ft. upstream from 
a county road bridge, Sec. 8, T26N, 
R26W. 


Approximately 200 ft. downstream 
from a county road bridge, Sec. 6, 
T26N, R26W. 


Approximately 75 ft. upstream from 
a county road bridge, Sec. 2, T27N, 
R27W. 


Approximately 150 ft. downstream 
from a county road bridge, Sec. 26, 
T28N, R27W. 


Approximately 25 ft. upstream 
from Highway "97" Bridge, Sec. 13, 
T28N, R28W. 


Approximately 200 ft. upstream from 
a county road bridge, Sec. 4, T28N, 
R30W. 


Approximately 300 ft. downstream 
from a county road bridge, Sec. 31, 
T29N, R31W., 


STATION MAP NO. 


3-7 


s-8 


Sce-l 


Se-2 


Sce-3 


Sc-4 


Sce-5 


Sc-6 


Sc-/ 


Sc-8 


st-9 


3/ 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


La 


Spring River Basin (cont.) 


STREAM MILE 


131-54 


1131-53-27 


131-53-1 


131-47 .5 


131-36-36 


L31-36-32 


131-36-20 


131-36-16 


131-36-12.5 


131=36-9 


131-36-6 


131-36-1 


131-34-2.5 


COUNTY 


Jasper 


Barton 


Jasper 


Jasper 


Jasper 


Jasper 


Jasper 


Jasper 


Jasper 


Jasper 


Jasper 


Jasper 


Jasper 


DESCRIPTION 


Approximately 450 ft. downstream 
from a county road bridge, Sec. 3, 
T29N, R33W. 


Under Highway "71" Bridge, Sec. 13, 
T31N, R31W. 


Approximately 4 mile downstream 
from confluence of the Little North 
Fork Spring River, Sec. 4, T29N, R33W. 


Approximately 1,300 ft. downstream 
from a county road bridge, Sec. 26, 
T29N, R34W. 


Approximately 200 ft. downstream 
from Highway "166" Bridge, Sec. 9, 
T27N, R29W. 


Approximately 300 ft. upstream 
from Highway '37"' Bridge, Sec. 1, 
T27N, R3OW. 


Approximately 300 ft. downstream 
from a county road bridge, Sec. 32, 
T28N, R3I1W. 


Approximately 100 ft. upstream 
from Highway "HH" Bridge, Sec. 24, 
T28N, R32W. 


Approximately 450 ft. downstream 
from a county road bridge, Sec. 10, 
T28N, R32W. 


Approximately 75 ft. upstream 
from a county road bridge, Sec. l, 
T28N, R33W. 


Approximately 300 ft. downstream 
from Highway "171" Bridge, Sec. 9, 
T28N, R33W. 


Approximately 600 ft. downstream 
from a county road bridge, Sec. 14, 
T28N, R34W. 


Approximately 250 ft. downstream 
from Highway ''P" Bridge, Sec, 25, 
T28N, R34W. 








Spring River Basin (cont.) 





STATION MAP NO. STREAM MILE COUNTY DESCRIPTION 
Ss-3 50 1131-27-48 Newton Approximately 500 ft. downstream 
from Highway "60" Bridge, Sec. 6, 
T25N, R29W. 
Ss-4 51 1311-27-45 Newton Approximately 50 ft. upstream 
from Highway "W'' Bridge, Sec. 26, 
T26N, R3OW. 
Ss-10 52 131-27-12 Newton Approximately 1,800 ft. upstream 


from a county road bridge, Sec, 29, 
T27N, R33W. 









STATION 


Jn-1 


Jp-1 


Js-l 


land shallow 
iriffles. 


TABLE II — 2 
SAMPLING STATION CHARACTERISTICS 
JAMES, ELK, AND SPRING BASINS 
James River Basin 


SITUATION TYPE BOTTOM AVERAGE 


WIDTH 


AVERAGE VEGETATION 


DEPTH 


Numerous small 0.2 ft. | Tree lined banks. 


pools and rifflesjGravel 50% 


Rubble 20% 
Gravel 80% 


Tree lined banks; 
water willow. 


Deep large pools 


Tree lined banks. 
Water willow, 
water cress. 


Tree lined banks. 


upstream 2 miles. 


SURROUNDINGS REMARKS 


Rolling hills. 
Timber and pasture 
land. Dairy and 
beef cattle farming 


Cattle watering. 


Rolling hills. Cattle watering. 
Timber and pasture.| Fishing. 

Valley broad. Row |Swimming. 

crop and pasture. 

Dairy farming. 


Rolling hills. 
Timber and pasture 
land. Dairy farming 
Small built up area 


Cattle watering. 
Fishing. 


Highly built-up 
area. Large lime 
industry % mile up-| 
stream, Ready-mix 
concrete plant same 
place. ) 


“ad 


STATION 


J<3 


Jwsp-1 


Jw-1 









SAMPLING STATION CHARACTERISTICS (cont.) 
James River Basin 


SITUATION TYPE BOTTOM AVERAGE AVERAGE VEGETATION SURROUNDINGS REMARKS 
WIDTH DEPTH 













Deep large pools.|Rubble 20% Tree lined banks; | Small reservoir Fishing. 

Gravel 30% water willow. upstream, Rolling | Irrigation of 

Bed Rock 50% | hills, timber and | truck farm. 
pasture land. Built} Cattle watering. 
up area. Beef and | 
dairy cattle 
farming. 




























Fishing. 

Floating, boating 
cattle watering, 
pasture irrigation 


Long stretch of |Rubble 50% 
uniform depth ‘Gravel 20% 
with few riffles.|Shingle 20% 
Boulders 10% 
Stable 


Tree lined banks; 
water willow. 


Rolling hills, 

timber, pasture 
dairy farm. Built- 
up area upstrean. 

































Rolling hills, 
pasture & timber. 
Dairy farming. 
Built-up area 
upstream, 







Appeared to be 
receiving waste- 
water discharge 
from large 
|municipal waste 
treatment plant 
upstream. 


A large spring Rubble 10% 
discharge. Gravel 90% 
Stable 


Shaded by trees. 






















| Large municipal 
wastewater 
treatment plant 

4s mile upstream. 

A large municipal- 
ity 6 miles up- 
stream. Cattle 
watering. 


Rolling hills. 
dairy farming, 
pasture, Built-up 
area. 


Small pools and | : | Tree & grass lined | 
riffles. | 3 | banks. 

















STATION 


Jw-2 


Je=-1 


Jef 


SAMPLING STATION CHARACTERISTICS (cont.) 


James River Basin 


SITUATION TYPE BOTTOM AVERAGE AVERAGE VEGETATION SURROUNDINGS REMARKS 
WIDTH DEPTH 


























Small pools and 
riffles, 


Rubble 40% Tree lined banks. | Rolling hills, Cattle watering. 
Gravel 60% timber & pasture. 

Stable Dairy farming. 

Valley broad and 

open. Some row 

crops. 





Fishing, 

float boating, 
cattle watering. 
Cabins along the 
stream, 


Long sections of |Rubble 25% Tree lined banks. | Steeply rolling 
stream with uni- hills with timber 
form depth and | Te . and pasture. Valley 
shallow swift ) ) : narrow. Dairy 
riffles, farming. 





Fishing, 
Swimming, 
Boating, 
Canoeing, 
Cattle watering. 


Long deep, | a Tree lined banks. Steep, rolling 
straight stretch | : hills with timber 
with shallow, and pasture, 
iswift riffles. | Pasture with dairy 
farming. Resort 
area, 










Short, deep pools |Rubble 50% Tree lined banks. 
and numerous Gravel 50% Water willow in 
riffles. stream. 







Rolling hills. Fishing, 

Timber and pasture |cattle watering. 
land. Valley broad 

and open. Pasture, 

dairy cattle, 








Steeply rolling, Fishing, 
rocky hills. Timber boating, 
Valley narrow. canoeing. 
Dairy cattle,pasture 


Long straight : | . | Tree lined banks. 
stretches; few Gra : Water willow in 
riffles. the stream, 


"6T 


STATION 


J-8 


J¢=L 


J£=2 


J£-3 


SITUATION TYPE 


Long, deep, 
straight 
stretches. Few 


riffles. 


Long pools and 
riffles. 


Long pools and 
riffles. Small 


impoundment 
(300 ft. upstream. 


Long deep pools 


SAMPLING STATION CHARACTERISTICS (cont.) 


BOTTOM 


Rubble and 
iShingle 90% 
Boulders 24 
Gravel 8% 


}17.5 ft. 


James River Basin 


AVERAGE 
WIDTH 


AVERAGE 
DEPTH 


0.0. ft. 


VEGETATION 


Tree lined banks, 


Grass and tree 
lined banks, 


Tree lined banks. 


Tree lined banks. 


SURROUNDINGS 


Very steeply 
rolling hills. 
Rocks and timber. 
Valley narrow. 
Dairy cattle, 
pasture. 

Small community 2 
miles upstream. 


Rolling hills, 


| timber & pasture 
dairy & beef cattle 


farming, valley 
broad, open, some 
row crops. 


Rolling hills, 
timber & pasture 
land. Cattle 
farming. Built-up 
area. Cabins 
along small im- 


poundment upstream, 


Rolling hills, 
timber & pasture; 
open valley. Small 
town }; mile up- 
stream with waste- 


REMARKS 


| Fishing, 


swimming, 
boating, 
canoeing, 

cattle watering. 
Highly used for 
recreation, 


Fishing, 
cattle watering, 
swimming. 


Fishing, 
Float boating & 
canoeing, 
swimming, 
cattle watering. 


Fishing, 

cattle watering, 
swimming, 
boating and 
canoeing. a 











STATION 


J£-3 
(cont. ) 


ITI] 


J£1-2 


SAMPLING STATION CHARACTERISTICS (cont.) 
James River Basin 


SITUATION TYPE BOTTOM AVERAGE AVERAGE VEGETATION SURROUNDINGS REMARKS 
WIDTH DEPTH 









water plant; small 
cheese plant same 
place with no 

treatment. 













































Long deep ‘Rubble 50% | Tree lined banks. Rolling hills with | Fishing, 

straight Gravel 50% timber & pasture. cattle watering, 

stretches and Broad open valley. | swimming, 

long shallow Dairy farming. boating and 

stretches with | canoeing. 

|}swift current. 

Shallow pools and|Boulder 1% Tree lined banks. Rolling hills, Fishing, 

numerous riffles.|Rubble 60% timber and pasture,| cattle watering, 
\Gravel 39% |} broad open valley, | canoeing. 





mostly pasture. 
} Small city with 
waste stabilization 
lagoon about 1 mile 
upstream. 















Deep pools and 
numerous riffles., | 






Tree lined banks. Very steeply roll- | Fishing, boating, 

Water willow in ing hills, mostly | canoeing, 

the stream, timber. Valley |swimming, cattle 
narrow with some watering. 
pasture, 






“TZ 


STATION 


Ebs-1 


Els-1 


Ei-1 


Ei-2 


SAMPLING STATION CHARACTERISTICS (cont.) 


SITUATION TYPE BOTTOM 


Numerous small Rubble 50% 
pools & riffles. |Gravel 50% 


Numerous small Shingle 45% 
pools & riffles. |Rubble 25% 
Gravel 30% 


Large deep pools 
and riffles, 


Small pools and 
riffles. 


Longer deep 
pools and riffles. 





Elk River Basin 


AVERAGE 
WIDTH 


Z/ Et; 


oe ie 


52. Ee. 


43 ft. 


83 ft. 


AVERAGE 
DEPTH 











| water willows. 


VEGETATION 


Tree lined banks; 


Tree lined banks; 
water willows. 


Tree lined banks; 
water willows. 


Tree lined banks, 


Tree lined banks; 
water willows, 



































‘Rolling hills, 





SURROUNDINGS 





Rough steeply 


| rolling hills; 


timber covered. 
Valleys narrow. 
Pasture land, 





Rough steeply 
rolling hills. 
Timber covered, 
Valleys narrow. 
Pasture land. 


timber — pasture. 
Broad valley. 
City of Pineville, 








Steeply rolling 
hills. Timber. 
Broad open valley. 
Pasture land. 


Steeply rolling 
hills, Timber. 
Broad valley. 

Pasture. 








REMARKS 






Swimming, 
fishing, 
cattle watering. 


Fishing, 


| cattle watering. 





swimming, 


| fishing, 


cattle watering, 
canoeing. 


Fishing, 
cattle watering, 
gravel removal. 


Fishing, swimming, 
boating. Resort 
area. Cattle 
watering. 





STATION 


E-3 


B-1 





SAMPLING STATION CHARACTERISTICS (cont.) 
Elk River Basin 


SITUATION TYPE BOTTOM AVERAGE AVERAGE VEGETATION SURROUNDINGS REMARKS 
WIDTH DEPTH 








| Tree lined banks; Steeply rolling ‘Swimming, 


Long deep pools’ [Rubble 10% 81 ft. 

and riffles Shingle 50% water willows. jhills. Timber. fishing, cattle 
Gravel 40% Broad open valley. |watering, boating 
| Pasture. and canoeing. 


Resort area. 








Rough steeply Swimming, fishing, 
rolling hills. cattle watering, 
Timber. Narrow boating and 
valley. Pasture. canoeing. Camping 






Tree lined banks, 
willow bars, 
water willows. 


Long shallow 
pools with deep 
spots. Large 
riffles 















area. 

Numerous shallow [Rubble 30% | |} Tree lined banks. |Rough steeply Fishing, cattle 

pools and riffles.jGravel 70% | | Water cress. rolling hills. Watering, gravel 
Timber. Narrow removal, 


valley. Pasture, 





"EZ 


5 TATION 


S-1 


S-2 


S-3 


Sw-1 


Sh-1 


Long narrow pools] Rubble 107 Tree lined banks. | Rolling hills, Trout farm & fish- 


| & shallow riffles. 


Small deep pools | Rubble 507% }10 ft. 0.4 ft, lined banks. |Rolling hills, A small municipal 
1& numerous shallow Gravel 50% | timber & pasture Waste treatment 
riffles. | Stable land. plant & a milk in- 
dustry waste trt. 
| | plant approx. l 
| | mile upstream, 








SAMPLING STATION CHARACTERISTICS (cont.) 


Spring River Basin 


SITUATION TYPE BOTTOM AVERAGE AVERAGE VEGETATION SURROUNDINGS REMARKS 
WIDTH DEPTH 











& shallow riffles] Gravel 852% | | /pasture & timber |ery about 4 mile 
Silt 52 | land. upstream. A large 
Unstable spring enters at 


this point also. 
Limited fishing. 
11.5 ft. | 0.3 ft. 
au 























Rubble 15% 
Gravel 85% 
Stable 


lined banks. Small town and 
chemical industry 


}+5 mile upstream. 


Long narrow pools 
& shallow riffles. 


Rolling hilis, 
pasture & timber 
| land. 









































Rubble 70% 
Gravel 302 
| Stable 


lined banks. | Rolling hills, 
| pasture & timber. 


Broad open valley. 


Stock watering, 
fishing. 


Long deep pools 









































Small municipal 
waste trt. plant 
approx. 14 miles 
upstream, 


Rubble 52 
Gravel 952 
Unstable 


Pad Ete 






Grass & some trees 
along banks. 


Long shallow pools 
& shallow riffles. 


Rolling hills, 
|pasture & some 
timber. 





STATION 


S-5 


5-6 


Snf-1 


iriffles. 


SAMPLING 


SITUATION TYPE BOTTOM 


Long deep pools &| Rubble 152 
swift & shallow Gravel 85% 
riffles. 


Rubble 60% 
Gravel 30% 
Boulders 10% 
Stable 


Large deep pools 
& deep riffles. 


Rubble 25% 

Gravel 65% 

White sediment 
| Unstable 


Large deep pools 
& broad shallow 


8 Gravel 100% 
Unstable 


Small deep pools 
shallow riffles. 
No flow during 
summer or fall. 





STATION CHARACTERISTICS (cont.) 


Spring River Basin 


AVERAGE 
DEPTH 


AVERAGE VEGETATION 


WIDTH 


Tree lined banks. 


Tree lined banks, 
/water willow & 
willow bars. 


Tree lined banks, 
water willow. 


Dry during summer | Tree lined banks 
& fall seasons ex- 
cept for treated 


sewage flow. 





{Rolling hills, 


valley. 


Rolling hills, 


SURROUNDINGS REMARKS 


Some cattle water 
pasture with some |& small amount of 
timber. Broad open| irrigation of 
pasture upstream. 
Fishing. 


Fishing, cattle 
watering. Some 
}irrigation of 
|pasture land. 


pasture & timber, 
High mud banks. 


Gently rolling hilly Fishing. Municipal 
with pasture & some/waste treatment 
timbers. High mud |plant approx. 2 
banks. Broad open |miles upstream & 
valley with some 2 lime stone cut- 
row crops. ting industries 
discharging their 
waste, 


Gently rolling land/Small municipal 
with timber & pas- |waste treatment 
ture. Broad open |plant upstream 
valley. Some row |approx. 1 mile. 
crops. 


"GZ 


STATION 


Snf-2 


Snft-3 


5-8 


Sc-l 


SITUATION TYPE 


Long deep pools & 


shallow riffles. 


Large long, very 
deep pools & a 
few shallow 
PLES LER, 


Large long deep 
pools, and swift 


Deep pools & 
umerous riffles; 
swift. 


SAMPLING STATION CHARACTERISTICS (cont.) 


opring River Basin 


BOTTOM AVERAGE AVERAGE VEGETATION SURROUNDINGS REMARKS 
WIDTH DEPTH 







Rubble 60% Little flow in Grass, forbs & few |Prairie land. Small municipal 
Gravel 30% summer and fall. | trees, |Pasture & row crops};waste treatment 


| Boulders 10% lagoon upstream 


Stable approx. 4 miles 
| Fishing. 


Solid Rock 60% . | Tree lined, high Prairie land, hay |Fishing camps 
Sand 102 mud banks. & row crops. Some |along the stream. 
Silt 10% old coal mines 

Boulders 207 j/upstream, 

Stable 


Rubble Tree lined high Pasture, hay & Fishing & cattle 
Gravel mud banks. row crops. watering. 
Boating & canoeing 


Rubble 50% Tree lined high Rolling land, |\Fishing & cattle 


|) Gravel 50% mud banks. timber, row crops |watering. Boating 


Stable & pasture. (& canoeing, 


Rubble 40% Tree & grass lined |Rolling hills, tim-|Fishing & cattle 
Gravel 20% | banks; water ber, pasture & row |watering. 
Boulders 10% jwillow. . Dairy farn-| 

Bed Rock 30% | 


Stable 


fo 
on 
® 





STATION 


Se-2 


Se-3 


Sce-4 


Se-5 


Sc-6 


SITUATION TYPE 


Shallow long pools 
& riffles. 


Long deep pools 
& riffles. 


Long deep pools 
& riffles. 


|Long pools & 
jriffles. 





SAMPLING STATION CHARACTERISTICS (cont.) 


BOTTOM 


Rubble 50Z 
Gravel 49% 
Boulders 1% 


| Stable 


Rubble 50% 
Gravel 50% 
Stable 


Rubble 40% 
Gravel 602 
Unstable 


Rubble 29% 
Gravel 70% 
Boulders 12 
Stable 


| Rubble 30% 


Gravel 70% 
Stable 


spring River Basin 


AVERAGE 
WIDTH 


43 ft. 


19 ft. 


AVERAGE 
DEPTH 


1,1 TE. 


VEGETATION 


Tree & weed lined 
| banks. 


Tree & forb lined 
banks. 


Tree & forb 
lined banks. 


Tree lined banks. 
Willows in the 
riffle. 


Tree lined banks. 


SURROUNDINGS 


Rolling hills, 
timber, pasture, 


dairy & beef cattle 
farming, row crops. 


Rolling hills, tim- 


ber & pasture. 


Dairy & beef cattle 
|) farming. 


Rolling hills, 
timber & pasture. 


Broad open valley. 


Flat to rolling 

land. Old zinc & 
lead mining area. 
Numerous shallow 
underground mines 


& limestone tailing 
piles # 





}Gently rolling land 
Built-up area. 


Industrial area, 


}Old lead & zinc 
mining area. 


REMARKS 


Small municipal 


lagoon about 4 


miles upstream. 


Fishing. 


Fishing & cattle 


watering. 


Large chemical 


industrial complex 


lapprox. 1 mile 


upstream. 


The old ore body 
crossed under the 
stream near this 
station. Municipal 


waste trt. facility 


1 mile upstream. 


rh 
~~ 


STATION 


Se-/ 


Sc-8 


St-9 


Ss-3 


SITUATION TYPE 


Long deep pools & 


few riffles; 


lswift. 


Long pools & 


shallow riffles; 


swift, 


Long deep pools & 
IsShallow swift 


riffles. 


SAMPLING STATION CHARACTERISTICS (cont.) 


BOTTOM 


Rubble 
Gravel 
Stable 


Rubble 
Gravel 
Stable 


Rubble 
Gravel 
Stable 


Long deep pools & 


Ishallow swift 


riffles. 


Long deep pools & 


riffles. 


Rubble 40% 
Gravel 59% 
Boulders 12% 
Stable 


spring River Basin 


AVERAGE 
DEPTH 


AVERAGE 
WIDTH 


76 ft. 1.3 £t. 


VEGETATION 


'Tree & forb lined 


banks. 


Tree lined banks. 


|Tree lined banks. 


Tree lined banks. 





}/Tree lined banks. 


|& lead mining area. 


‘Gently rolling 


| land. 


SURROUNDINGS REMARKS 


Gently rolling land] Municipal waste 
Pasture land. Built) treatment dis- 
up area. Old zinc |charge approx. 2 
miles upstream. 
Some coal mines in | Fishing. 
the area, 


Flat land. Broad 
open valley. Row 
crops, pasture, hay 
& very little tim- 
ber. 


Largely a farming 
area. Fishing. 


Rolling hills, Flow is largely 
narrow valley. ‘from a large 
Built-up area. In-|municipal waste 
dustrial area. Old| treatment plant 
lead & zinc mining | approx. 3 miles 
area, upstream. 


Fishing & stock 
hills with timber |watering. 


& pasture. 


Rolling hills, 
pasture & timber 
Broad open 
valley. Beef & 
cattle farming 


Stock watering, 
fishing. 


“Sz 








STATION 


Ss-10 





SITUATION TYPE 


Long very deep 
pools & riffles. 





SAMPLING STATION CHARACTERISTICS (cont.) 


Spring River Basin 


BOTTOM AVERAGE AVERAGE VEGETATION SURROUNDINGS REMARKS 
WIDTH DEPTH 





Rubble 40% 36 ft. 


Tree Lined banks. Steep rolling hills|Municipal waste 
Gravel 60% | 


Built-up area. treatment facility 
Narrow valley. japprox. 3 miles 

jupstream. Fishing. 
Water supply. 


Stable 
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III. GENERAL 
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III. GENERAL 
LOCATION 


The area in the Missouri segment of the Elk and Spring River Basins plus the 
James River Basin is located in the southwestern corner of the State. The Spring 
and Elk Rivers are interstate; flowing in a westerly direction and joining the 
Grand (Neosho) River in Oklahoma. The James River is entirely in Missouri and 


empties into Table Rock Lake of the White River Basin. 


The James River heads in Webster County and flows in a southwesterly direction 
emptying into Table Rock Lake in Stone County, Missouri. Principal tributaries 


are Flat Creek to the west and Finley Creek to the east. 


The Elk River mainstem rises in Barry County and flows west to the Oklahoma state 
line. A tributary joining the Elk in Missouri is Indian Creek which enters near 
Lanagan, Missouri. Buffalo Creek crosses the Missouri - Oklahoma line and 
empties into the Elk River slightly above Grand Lake in Oklahoma. Lost Creek, 
heading in Newton County, crosses the state line to empty directly into Grand 
Lake in Oklahoma. 


The mainstem of the Spring River heads in the vicinity of Aurora, Missouri, and 
flows generally northwest. Major tributaries are Center Creek and Shoal Creek 
which join the Spring River in Kansas, and the North Fork of the Spring River 


which joins the mainstem in western Jasper County, Missouri. 


The portion of the Elk River Basin which was included in the Stream Survey is 
located in the extreme southwestern corner of Missouri. It is bounded on the 
north by the Spring River Basin, on the east by the James and White River Basins, 


and on the west and south by the States of Oklahoma and Arkansas, respectively. 


In Missouri the James River Basin encompasses all or part of Douglas, Webster, 
Greene, Christian, Stone, Lawrence, and Barry Counties; the Elk River Basin, all 
or part of McDonald, Newton, and Barry Counties; and the Spring River Basin, all 
or part of Lawrence, Barton, Barry, Newton, Jasper, and Dade Counties. Table 


IIlI-1 shows the various counties included in the three river basins with the 


percentage of each county occupied by the individual basins. 








TABLE IIT — 1 
COUNTIES OCCUPIED BY 
THE JAMES, ELK, AND SPRING RIVER BASINS 


| % of County within Basin i] 
OUNTS | Lu! 


AWE K BLN 
aie ee ae eee 





Jasper a ees 
Newton ee ert ee 
MeDonalad | | te | 
Greene ) = sey ib aoee 2] 
Webster ae ae es 
Douglas 2% ae ee 
Christian be gg 
Stone 63% ie es 


GEOGRAPHY 





Topography of the James River Basin includes gently rolling plains in the head- 
water sections to rough and hilly country towards its mouth. Most of the soil 
in the basin is classified as stony loam. Total land area in the James River 


Basin is 1,460 square miles. All of the James River Basin is in Missouri. 


The terrain of the Elk River and its tributaries is mostly very rough and hilly. 
The valleys of the Elk River Basin are generally very narrow except near the state 


line. Most of the soil is very rocky and is classed as an Ozark soil. 


The eastern section of the Spring River Basin is characterized by terrain which 
is steep and rugged. The western portion of the basin is mostly low rolling 
hill country. Soil of the northern portion of the area is associated with 
prairie type soils, while the soil cover in the southern and central portions 

is representative of the western Ozark border soils which are moderately produc- 
tive agriculturally. Generally the best soils are found in the stream valleys 


and the poorest along the slopes. 


= a 


Over 80% of the area in the Spring River Basin is inside Missouri. The total 


area in Missouri is 2089 square miles or 1,336,900 acres. 
GEOLOGY 


A large portion of the tri-basin area is located in the Springfield Plateau. 

It rises slightly above the Salem Plateau, which covers most of the Ozarks, 

and descends gradually to the northwest. The northern portion of the Spring 
River Basin is included in the Osage Plains, plains of low relief formed in 
sedimentary rocks of the Pennsylvanian age. The entire area lies south of the 
line of glaciation. Rock strata vary in age from the older early Mississippian 
to the younger early Pennsylvanian. Over much of the area,the underlying 
Mississippian limestone and chert are exposed. Outcroppings of the Pennsyl- 
vanian shale are continuous in the northwestern part of the Spring River Basin 
toward the Osage Plains. Pennsylvanian deposits are found as outliers and sink 


hole deposits over much of the remainder of the area. 
CLIMATE 


Moderate winters with long warm summers are the general rule for the James, 
Elk, and Spring tri-basin area. The temperature seldom falls below O°F in the 
winter and is rarely above 100°F in the summer. The mean temperature for the 
area is 57°F. Maximum and minimum recorded temperatures for the area are 118°F 
and -31°F respectively. Annual precipitation in the region is 41-42 inches. 
Snowfall runoff contributes a minor part to the total annual runoff. Prevail- 
ing wind is from a southerly direction with the greatest movement in the spring 


months. The average growing season is just under 200 days annually. 
UTILIZATION OF NATURAL RESOURCES 

Agriculture 

Agriculture is somewhat more important in the Spring River Basin than in the 


Elk or James River Basins. Approximately 25% of the land area in the Spring 
River Basin is used for growing field crops while only 5-10% of the land area is 








cultivated in the Elk and James River Basins. Pastureland shows similar patterns 
among the basins. The principal crops grown in the area are wheat, corn, and 
soybeans. Accumulatively, these three basins represent a relatively small part 


of Missouri's total crop production. 


Poultry is the most important livestock in the region. The three major basins 
and two sub-basins (Center and Shoal Creeks) rank 1-5 in poultry units per square 
mile in Missouri, ranging from 560 units in the Spring River Basin to 2300 units 
in the Elk River Basin. The total quantity of poultry units in the three basins 


is estimated at 5 million. 


Cattle are moderately important agriculturally also. Concentrations in head per 
square mile throughout the area range from 75-95 with the total number of cattle 


at approximately 400,000 head. 


Swine production is of minor importance in the area and ranks near the bottom 


in concentration in Missouri. The total number is about 100,000 head. 


Mineral Resources 


The principal minerals in the southwestern portion of Missouri are marble, 
limestone, dolomite, sand and gravel, coal, lead, zinc, asphaltic sandstone, 

and petroleum. Marble is quarried and processed in the Carthage area of the 
tri-basin area by Carthage Marble Company and Lacarni Marble Company. Missouri 
ranks third in tonnage of crushed marble and fifth in value of dimension marble 


produced in the United States. 


All counties in the tri-basin area have quarries and extensive stone resources. 
Practically all the stone is taken from the Mississippian system in this region. 
Lime is produced extensively in this region, also. Greene County ranks first in 


the production of lime in Missouri. 


Coal is being mined in only one location in the Missouri portion of the basins, 
and this is near Asbury, Missouri. Abandoned mines from past operations are 
found at several locations in the area. Substantial reserves are reportedly 


present in Barton and Jasper Counties, 


34. 


Lead and zinc mining was once a very active industry in the Joplin, Missouri, 
area, Production began to decline about 1920 and is now a minor activity in 

this area. Low grade lead and zinc reserves are reported to be substantial, 
however. Emphasis on these ores has been diminished by the recent discovery 

of the richer ores of the Viburnum, Missouri area. Some sand and gravel is mined 
in Jasper County, Missouri, and a small amount of petroleum is recovered in 


Barton County, Missouri. 
UTILIZATION OF WATER RESOURCES 


Water Supplies 


Practically all the municipal water supplies in the James, Elk, and Spring 
River Basins are derived form potable groundwater supplies. All but a few 
cities in the three basins depend upon one or more drilled wells as a water 


SOUTCE. 


Barton and Jasper County public water supply districts supply water to a number 
of small communities in the Spring River Basin. Other public water supply 
districts in the three basin area include Newton and Greene County public water 


supply districts. 


Springfield depends upon a combination of reservoirs, deep wells, and a spring. 
Three reservoirs and three deep wells supply the majority of the water used by 


the City. 


Two cities in the area use a stream for their municipal water needs. Joplin and 


Neosho both draw their supplies from Shoal Creek, a major tributary to the Spring 
River. 
Most of the groundwater supplies in the basins have favorable chemical and 


physical properties. Total hardness is moderate and salinity of the water is 


relatively low. Total dissolved solids are generally 300 ppm or less. 


Waste Disposal 


Waste disposal in this portion of Missouri represents a sizable problem, more so 
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than many other areas of similar size within the state. This is due to several 


factors. 


Several large municipalities and industries discharge waste in headwater areas 
with practically no benefit of dilution. The streams of this area are highly 
valued aesthetically and receive much recreational use. Any waste discharges to 
streams of this nature must consequently be of high quality to maintain these 
values and uses. The entry of waste discharges into underground aquifers has 


been found to be another major problem in this area. 


Several streams in the basins which receive waste discharges have been found to 
be losing, at times causing water quality problems with nearby springs and 


groundwater supplies. 


Most of the smaller cities in the area which have sewerage facilities are served 
by oxidation lagoons. This type of treatment is the most economical for a small 
community and has shown to provide a suitable degree of treatment when properly 


operated and maintained. 


The mid-size and larger municipalities in the tri-basin area provide mechanical 
treatment, generally in the form of trickling filter plants. The largest city 
in the area, Springfield, employs the use of activated sludge plants. In 
several mechanical plant installations, a polishing lagoon is used before final 
discharge. All of the mechanical plants in the Spring, Elk, and James River 
Basins are designed to provide at least secondary treatment under normal flow 


conditions and when operated correctly. 


Although treatment facilities serving the larger cities in the basins provide 
90-95% reduction of biochemical oxygen demand, a substantial amount of organic 

and nutrient material remain in the discharge. When this remaining organic and 
nutrient material enters a clear water, low flow receiving stream, a significant 
amount of change can occur to the existing natural conditions. The small 
tributaries which receive wastes from Springfield and Joplin show a substantial 
amount of organic enrichment by the growth of large amounts of algae and organisms 
with a high level of organic tolerance. Numerous studies have been made and are 


continuing to be made to improve these situations. 





| 
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Industry is a major wastewater contributor in several localities within the area. 
Practically all industries with significant waste discharges to the James River 
Basin are located in or near Springfield. Similarly, industry with the most 
effect on the water quality of the Spring River Basin is in the Joplin-Carthage 
area, Industry is not centralized in the Elk River Basin but rather is dispersed 


throughout McDonald County, 


Industrial waste discharges to the James River Basin from Springfield are primar- 
ily in the form of cooling water. A small amount of process wastes is discharged. 
Where treatment of these wastes is required it is usually provided in the form of 
retention basins. All of these discharges enter the watershed ahead of Springfield 
Southwest Treatment Plant discharge, and their water quality influence is lost 


below that point under normal streamflow conditions. 


The only other major industry discharging wastes to the James River Basin is a 
cheese plant located along Finley Creek. Serious problems have occurred in 
Finley Creek in the past from this operation; however, adequate treatment facil- 
ities presently serving this plant have greatly lessened the degradation of Finley 


Creek, 


Poultry processing is the major industry in the Elk River Basin. At the present 
time the facilities to treat these wastes are overloaded and causing nuisance 
problems in the receiving streams. Irrigation of the wastes or a high degree 

of treatment are the present proposals being reviewed to alleviate these problems. 
Industrial waste discharges have a greater influence on the water quality of the 
Elk River Basin than do municipal waste discharges; however, these problems are 


largely local in nature, 


Center Creek receives most of the industrial waste discharged to the Spring River 
Basin. Wastes discharged from chemical industries to Center Creek have been and 
are creating water quality problems in Center Creek. The large quantity of ammonia 
which is discharged has, in the past, been responsible for toxic conditions in the 
creek and are thought to be the primary cause for oxygen deficits which are 


commonly found. The water quality problem in Center Creek is quite complicated. 


Extensive studies are needed to sufficiently correct this problem. 
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Industrial waste is a major component of the total waste load entering some 
municipal facilities. In several cities throughout the tri-basin areasindustria] 


wastes comprise the largest portion of the city's discharge. 


A listing of all the municipal and the major industrial waste sources, as they 
were during the Stream Survey, is tabulated in tables III-5 and III-6. 


A substantial amount of change has occurred to the waste discharges between 

the time of the Stream Survey and the publication of the report. In many cases 
a municipality has grown thus increasing the quantity of wastes. Addition to 
or enlargement of treatment facilities has occurred in most of these areas 


to meet this increased load; in some areas it has not. 


New industry has been established in the three basins. Some provided their 
own waste treatment while others connected to city sewers thus further loading 
the city's facility. 


These changes, among others, undoubtedly have influenced the water quality of 


the James, Elk, and Spring River Basins to some degree. 


The current status of all known waste sources to the James, Elk, and Spring 
Rivers is tabulated in Tables III-/ and III-8. Comparison of these tables 


with Tables III-5 and III-6 will illustrate changes which have occurred during 
this interim period. 


"ioe 


TABLE III - 2 
PUBLIC WATER SUPPLIES * 
JAMES, ELK AND SPRING BASINS 





James River Basin 


MILLION GALLONS PER DAY 
CAPACLTY CONSUMPTTON 


| sawrcrpantry [TESTS ee oes OF 
MUNICIPALITY 1970 SERVED | SERVICES | 





Battlefield 60 Greene Co. PWSD OL 
Cassville 1451 1500 800 M 3 wells 1.440 .» 200 
Clever 283 280 180 M 2 wells .036 .020 
Crane 954 954 494 M 2 wells 835 072 
Fordland 302 340 151 M 1 well 216 013 
Marshfield 2221 2200 1200 M 2 wells 1.728 240 
Nixa 944 994 535 M 2 wells ./20 110 
Ozark 1536 2000 900 M 3 wells 2.160 400 
Purdy 467 475 268 M 2 wells 432 »040 
Reeds Spring 327 350 170 M 2 wells ~274 050 
Republic 1519 3000 851 M 2 wells 1,210 . 200 
Rogersville 447 447 225 M 1 well 144 .025 
Seymour 1046 1046 590 M 2 wells ster .065 
Sparta 272 275 190 M 1 well 144 O15 
Springfield 99558 125000 33340 M 3 res.; 3 wells; 24.000 10.000 
1 spring 
Greene Co, PWSD O01 400 160 M 1 well .288 030 
Elk River Basin 
Anderson 992 992 550 M 3 wells . 216 ‘L350 
Fairview 249 249 80 M 1 well 212 .010 
Goodman 540 540 220 M 1 well me If, .040 
Lanagan 357 357 140 M 1 well . 302 -025 
Noel 736 800 400 P 2 wells; intercon. ./56 . 700 
with North Noel 
Pineville 454 464 200 M 2 wells 396 090 
Seligman 387 375 201 M 1 well .087 .015 
Seneca 1478 1385 617 M 2 wells 936 216 
Southwest City 504 550 240 M 4 wells; 2 systems 2259 .060 
Stark City 120 Newton Co. PWSD Q1 
Washburn 223 250 108 M 1 well ~144 .013 
Newton Co. PWSD Ol 243 81 M 1 well .176 .012 


ar 


Spring River Basin 


id ae ee N. | Wo.or] 
1970 | SERVED | SERVICES | OWNERSHIP _ 











* MILLION GALLONS PER DAY__ 
MUNICIPALITY SOURCE OF SUPPLY ____ CAPACITY | CONSUMPTION __ 


Alba 336 336 152 M 1 well .216 .030 
Asbury 186 220 100 M 1 well .180 020 
Aurora 4682 4700 2167 P 3 wells; intercon. 1.872 » 800 
with Verona 

Belle Center Jasper Co. PWSD O01 

Billings 602 602 300 M 2 wells .059 .003 
Boston 50 Barton Co. PWSD 01 

Butterfield 125 125 60 M 1 well .150 .008 
Central City Jasper Co. PWSD Ol 

Carl Junction 1220 1554 550 M 3 wells 430 120 
Carterville 1443 1443 550 M Webb City 2.100 . 100 
Carthage 11264 12000 2670 M 6 wells 2.070 1.000 
Diamond 453 500 200 M 1 well AS .038 
Exeter 294 294 181 M 1 well .173 .040 
Golden City 714 714 400 M 2 wells .316 .060 
Granby 1808 1808 600 M 2 wells .800 .300 
Howard Jasper Co. PWSD O1 

lantha 135 Barton Co. PWSD Ol 

Jasper 746 787 373 M 1 well . 230 .060 
Joplin 38958 51600 14742 P Shoal Creek 12.000 6.500 
Kenoma 65 Barton Co. PWSD O1 

Lamar 3608 3750 1508 M Lamar Lake; aux. well 1.000 »450 
Lamar Heights 113 Barton Co. PWSD O01 

Marionville 1251 1500 567 P 2 wells ~325 141 
Miller 601 601 325 M 2 wells .350 . 060 
Monett 5359 5359 2537 M 8 wells 4.260 1.000 
Mount Vernon 2381 2550 1050 M 3 wells 1.440 484 
Nashville 100 Barton Co. PWSD O01 

Neosho 7452 7600 3500 M Shoal Creek 5.500 1,200 = 
Newtonia 153 Newton Co. PWSD O1 . 
Oakton 30 Barton Co. PWSD Ol 





Spring River Basin (cont.) 


| MUNICIPALITY |-1970 | SERVED SERVICES OWNERSHIP SOURCE OF SUPPLY ‘CAPACITY CONSUMPTION | 





Oronogo 513 513 175 M 2 welis . 360 .025 
Pierce City 1006 1175 510 M 2 wells 864 ~075 
Purcell 265 355 160 M 1 well 144 024 
Sarcoxie 1056 1150 580 M 2 wells . 750 .150 
Smithfield 75 Jasper Co. PWSD 01 

Stringtown Jasper Co. PWSD 01 

Verona 401 600 200 P 1 well; aux. Aurora 1.872 ~G25 
Webb City 6740 3200 2780 M 4 wells 2.100 1,000 
Wheaton 341 341 225 M 1 well ~144 .030 
Barton Co. PWSD 01 875 656 M 2 wells . 288 

Newton Co. PWSD O1 243 81 M 1 well a Ie y < .012 
Jasper Co. PWSD Ol 1500 538 M Joplin 


* From "Census of Public Water Supplies, 1969" 
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Spring 


Bell 
Blue 
Brown 


Camp Cora 


Danforth No. 
Danforth No. 


Hunt 
Indian 
Jones 
McMurtry 
Monroe 


Montague 


Mountaindale 
Mountain Sinal 
Ollie Lasley 


Pruitt 
Rader 
Reeds 
Round Tree 
Rumfelt 
Sequiota 
Sherrod 
spout 
Stutzman 
Tawsemtha 
Ward 
Wasson 
Welch 
Winoka 


Youngs 


TABLE III — 3 
SPRINGS IN THE JAMES, ELK, AND 


SPRING RIVER BASINS* 


James River Basin 


River Miles 
Above Mouth 


118-0.5 
81 
50-8-5 
88.5 
96-7 
96-7 
88.5-6 
81 
96-1.5-1 
27-51 
96-1.5-1.5 
66-2 
128.5 
70-2 
67-23.5-2.5 
77=2-1 
77-5 
41-7 
77-6.5 
128 

91-2 
77-7-3 
67-6-2 
85.5-0.5 
96-4 
83-2-5 
67-4-3 
83-2 

92 
71.5-0.5 


County 


Webster 
Christian 
Stone 
Greene 
Greene 
Greene 
Greene 
Greene 
Greene 
Barry 
Greene 
Christian 
Webster 
Christian 
Christian 
Greene 
Greene 
Stone 
Greene 
Webster 
Greene 
Greene 
Christian 
Greene 
Greene 
Greene 
Christian 
Greene 
Greene 


Christian 


Flow 


Cubic Feet/Sec. 


.03 
3.33 
11.0 
1.08 
-37 
of2 
-19 
s& 
1.23 
»12 
fil 
2.81 
5.46 
~44 
1.8 
mp Be: 
16.3 
«32 
213 
1.67 
17.1 
.34 
.28 
.10 
~05 
L773 
oli 
.18 
23 
eLl 








Spring 


Big 
McCullom 
Polk 

Spout 

Spring River 


Verona 


Bartholic 
Bartkoski 

Big 

Birch 

Boy Scout 
Cave 

Elm 

Hawkins No. 1 
Hawkins No, 2 
Hearell 

Hobo 
Kolkmeyer 
McCahon 
Monark 

Morse Park 
Ozark Trout Fn. 
Pierce City 
Pioneer 
Rainbow 
Sagamount 
Saginaw 
Spiva 
Talbert 


Unnamed 


SPRINGS IN THE JAMES, ELK, AND 
SPRING RIVER BASINS 


Spring River Basin 


River Miles 
Above Mouth 


Spring River 


98-0.5 
61 
102-14 
77-2 
114 
112 


Shoal Creek 


27-32-5.5-2 
27-59 
2/-32-2 
27=33-1 
27=22.5-1 
27=-53-3 
27-32-5.5-2 
27-53-3.5 
4-33-3293 
27-2-0.5 
27-32-1-1 
£i=-1LI-Q.5 
27-32-4 
27-32-7 
2i=32=2 
27-24-2 
27-48-8 
27-58 
27-64.5 
27-17 .5-0.5 
27-18.5-0.5 
27-15.5 
27-69.5-2 
2/-68.5 


County 


Lawrence 
Jasper 
Lawrence 
Jasper 
Lawrence 


Lawrence 


Newton 
Barry 
Newton 
Newton 
Newton 
Barry 
Newton 
Barry 
Barry 
Newton 
Newton 
Newton 
Newton 
Newton 
Newton 
Newton 
Lawrence 
Barry 
Barry 
Newton 
Newton 
Newton 


Barry 


Barry 


Flow 
Cubic Feet/Sec. 
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Spring 


Unnamed 
Unnamed 
Unnamed 
Unnamed 
Unnamed 
Unnamed 
Wallace 


Button 
Clarkson 

Ell Lynn 
Haddock 

Mossy 

Radar Station 
Scotland 
Sonnywood 


Great Western 


Camp Beaver 
Fly 
Kelley 





SPRINGS IN THE JAMES, ELK, AND 


SPRING RIVER BASINS 


spring River Basin (cont.) 


River Miles County 
Above Mouth 
27-48-2 Newton 
27-51 Newton 
27-44 Newton 
27-64-0.5 Barry 
27-21.5-1 Newton 
27-20-0.5 Newton 
27-53-4 Barry 
Center Creek 
38.5-1.5 Newton 
38-46 Lawrence 
38-42-0.5 Newton 
38-—42-0.5-0.5 Newton 
38-22-2-1 Jasper 
38-8 Jasper 
38-18.5-3 Jasper 
38-6-1 Jasper 
Turkey Creek 
36.5=-5 Jasper 


Elk River Basin 


31-6-1 McDonald 
31-36-2 Newton 
31-6-5 McDonald 


* "The Large Springs of Missouri" 


Missouri Geological Survey and Water Resources 


U.S. Geological Survey 


Flow 
Cubic Feet/Sec. 


3.5 
10.4 


2.18 
3.2 
Al 








Parameter 





Suspended 
Solids-ppm 


Nitrites 
NO5-N, ppm 


Nitrates 





| NO3-N, ppm 


Phosphate 
PO,, ppm 


TABLE III - 4 


TYPICAL REDUCTION OF WASTES BY TREATMENT PLANTS 


Raw Sewage 


Range 100-500 
Ave. 250 


B.0O.D. in Range 100-500 
ppm } Avg. 260 
Ammonia Range 5 - 35 
NH3-N, ppm Avg. 14 

| Range 0.00-0.10 0.0 = 1.0 
Ave. 0.05 --- 


Range 0.10-0.40 © 
Ave. 0.20 


Range 4 — 50 
Avg. 30 


Chloride Range 20 - 80 
ppm Avg. 50 


Coliform 15,000,000 to 
} Count/100 ml. 30,000,000 
ei “000 


Fecal Strep. 
Count/100 ml 


Conductivity Range 400 - 800 
micromhos/cm | Avg. 600 


250,000 to 
: 500,000 


FF : 
20 - 60 
30 


15 - 100 
35 






1.5 


0.5 -— 3.23 


20 - 80 
50 | 
400 - 800 — 
600 


Settling, Trickling 
Filter, Settling 


20 - 40 
25 


5-8: 
| 20 


im ii 
7.5 


Pe Oo aa 
0.4 
0.5 - 10.0 
4.5 


1,500,000 to | 300,000 to 
3,000,000 2,200,000 


25,000 to 
500,000 


5,000 to 
100,000 


Types of Secondary Treatment Plant Effluents 


Imhoff, Trickling 
| Filter, Settling 


Settling, Activated| Lagoons -265 
Sludge, Settling P.E. per acre 


t=. 27 Bt 29 
ey x 2.4 

rr > a 0.0 - 0.5 
0.1 

| Oh = $0 
1.5 

| 10 - 30 

16.5 


| 300 - 700 300 - 800 
600 600 


100,000 to 4,000 to 
1,800,000 100,000 

10,000 to 1,000 to 

70,000 5,000 


“99 


FIGURE III - 1 
WASTE DISCHARGE LOCATIONS 
JAMES RIVER BASIN 
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FIGURE III - 2 
WASTE DISCHARGE LOCATIONS 
ELK AND SPRING RIVER BASINS 
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TABLE III —- 5 
1964 - 1965 


MUNICIPAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


James River Basin 


Population Dis- 
River, Tributary Design Equivalent Treat- charge 
& Location of Map River Miles Population Before Nature of ment in Status of 


Waste Sources No. Above Mouth Equivalent Treatment Wastes Provided c.f.s. Pollution Abatement 


White River 


James River 

Wilson Creek 
Springfield 1 550-77-7 312,246 220,000 Dom. & Ind. Secondary 17.0 Satisfactory 
Finley Creek 
Little Finley Creek 





Seymour 2 550-67-48-3 1,400 1,400 Domestic Secondary -217 Need expansion 
Ozark 3 5500-67-13 1,500 950 Domestic Secondary .147 Satisfactory 
Nixa 4 550-67-8 Individual 

systems 
Crane Creek 
Crane 3 550-50-13 1,200 800 Domestic Secondary .124 Satisfactory 
Galena 6 550-42 100 Domestic None .0O15 Unsatisfactory 
Flat Creek 
Cassville 7 550-27-46 3,640 1,300 Domestic Lagoon .202 Satisfactory 
system 
Little Flat Creek 

Purdy 8 550-27-33-9 665 350 Domestic Lagoon .054 Satisfactory 

system 


Elk River Basin 


Grand River 
Elk River 
Buffalo Creek 
Camp Crowder 54 114-11-24 45,000 minimal use Satisfactory 


“LY 








1964 - 1965 


MUNICIPAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


Elk River Basin (cont.) 





Population 
River, Tributary Design Equivalent 
& Location of Map River Miles Population Before Nature of 
Waste Sources No. Above Mouth Equivalent Treatment Wastes 








Indian Creek 
North Indian Creek 
South Indian Creek 


Wheaton 18 114-31-26- 1,040 300 Domestic 
0.5-11 
Unnamed Creek 
Goodman 19 114-31-5-10 500 Domestic 
Anderson 20 114-31-5 4,600 4,100 Dom. & Ind 
Noel 21 114-25.5 600 Domestic 
Honey Creek 
Southwest City 22 104-14 805 400 Domestic 
Lost Creek 
Seneca 23 130-10 1,500 Domestic 
Spring River Basin 
Grand River 
Spring River 
Douger Branch 
Aurora 27 131-111-3 11,860 7,800 Dom.& Ind. 
Honey Creek 
Marionville 28 131-102-16 1,250 1,200 Dom.& Ind. 








Dis- 
Treat- charge 
ment in Status of 
Provided c.f.s. Pollution Abateme 





Lagoon .047 Satisfactory 


system 


Individual None 
systems 

Lagoon . 50 

Individual 
systems 


Satisfactory 


Lagoon .06 Satisfactory 


system 


Individual 
systems 


Second. + 1.20 Satisfactory 
lagoon 
Lagoon -19 Satisfactory 


system 


1964 - 1965 


MUNICIPAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


Spring River Basin (cont.) 


Population Dis- 
River, Tributary Design Equivalent Treat- charge 
& Location of Map River Miles Population Before Nature of ment in Status of 


No. Above Mouth Equivalent Treatment Wastes Provided c.f.s. Pollution Abatement 





Waste sources ~ 
Williams Creek 





Mount Vernon 29 131-98-4 4,000 2,400 Domestic Second, -3/ Satisfactory 
Stahl Creek 
Miller 30 131-96-7 928 540 Domestic Lagoon .084 Satisfactory 
system 
Carthage 31 131-67 12,000 17,000 Dom.& Ind, Second, 2.50 Expansion needed 
North Fork Spring 
Golden City 32 1311-52-55 1,500 700 Domestic Second. -ll Satisfactory 
Lamar 131-52-34 9,000 3,700 Domestic Lagoon -574 Satisfactory 
system 
Oppossum Creek 
Jasper 34 131-52-1 4,770 700 Domestic Lagoon .105 Satisfactory 
system 
Center Creek 
Sarcoxie 35 131-38-38 1,820 1,000 Domestic Lagoon »155 Satisfactory 
system 
Carterville 36 131-38-11 1,300 Domestic None .201 Unsatisfactory 
Webb City 37 131-38-8 11,860 7,600 Domestic Lagoon 1,18 Satisfactory 
system 
Carl Junction 38 131-38-4 3,700 1,500 Domestic Lagoon .232 Satisfactory 
system 
Turkey Creek 
Joplin 39 131-365-5 56,700 54,600 Dom.& Ind, Second- 10.45 Satisfactory 
ary 
Shoal Creek ie 
Clear Creek - 
Monett 40 131-27-48-13 14,950 22,800 Dom. & Ind, Secondary .93 Expansion needed 
+lagoon 









1964 — 1965 
MUNICIPAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 
Spring River Basin (cont.) 
Population Dis- 

River, Tributary Design Equivalent Treat- charge 

& Location of Map River Miles Population Before Nature of ment in Status of 

Waste Sources No. Above Mouth Equivalent Treatment Wastes Provided _c.f.s, Pollution Abatemen 

Pierce City 41 131-27-48-8 1,580 700 Domestic Secondary -107 Satisfactory 
Neosho 42 131-27-32 22,500 20,000 Dom.& Ind, Secondary 1.5 Satisfactory 
Diamond 43 131-27-24 400 Domestic Individ. None 
| systems 

= Joplin 44 1131-27-15 23,500 13,100 Dom.& Ind. Secondary 2.7/1 Satisfactory 
Ht 
a.” 
2 
4 





TABLE III — 6 


1964 -— 1965 





INDUSTRIAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


James River Basin 


Dis- 
River, Tribituary charge 
& Location of Map River Miles Waste Treatment in Status of 
Waste Sources No. Above Mouth Characteristics Provided c.f.s8. Pollution Abatement 
White River 
James River 
Wilson Creek 
MFA Plant Foods Division g 550-77-11 Scrubber water; storm Settling 2 Unsatisfactory 
water runoff basin 
Producers Produce Company 10 550-77-11 Cooling water None Satisfactory 
Producers Produce Co. (Creamery)11 550-77-11 Cooling water None Satisfactory 
Hoffman-Taff Company , Inc. 12 550-77-11 Cooling water, storm Settling 1.02 Unsatisfactory 
water runoff basin 
Frisco Railroad 13 5500-77-11 Oil, cooling water, Oil skimmer Unsatisfactory 
emulsifiers, etc. 
Kraft Foods 14 550-7 7-11 Cooling, oil spills None Unsatisfactory 
Kraft Foods Industrial 15 550-77-11 Cooling water None Satisfactory 
South Creek 
Dayco Corporation 16 350-7 7=-7=3 Cooling water, solvent Settling Unsatisfactory 
spills basin 
Finley Creek 
Major Cheese Company 17 550-67-13 Milk wastes, cooling None .750 Unsatisfactory 
water, 1900 P.E. 
Elk River Basin 
Grand River 
Elk River 
Indian Creek un 
Seven Valleys Cheese 24 114-31-5 Milk wastes; 8900 P.E. None .046 Unsatisfactory . 
Ralston-Purina 25 114-25.5 Poultry processing Lagoons . 96 Unsatisfactory 


wastes. /650 P.E. 







































































River, Tribituary 
®& Location of 
Waste Sources 


O'Brien Foods 


Grand River 
Spring River 
Hoffman-Taff Company, Inc. 


Williams Creek 
Carnation Milk 


Carthage Marble 

Center Creek 
Grove Creek 
W.R. Grace Co. 


ICI Inc. (Atlas) 
Hercules Powder Co, 


Turkey Creek 
Eagle-Picher 


Short Creek 
Farmers Chemical Co, 


Map 
No. 


26 


45 


46 


47 


48 
49 


50 


31 


52 


1964 - 1965 


INDUSTRIAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


Elk River Basin (cont. ) 


River Miles Waste 
Above Mouth Characteristics 
114-37 Poultry processing 


wastes.1515 P.E. 


Spring River Basin 


131-11 Process and cooling 
131-111-3 1) Process wastes 
2) Cooling water to 
Creek 
131-67 Marble dust 


131-38-19-3 Process; cooling 


131-38-19-3 NH3; NO3; cooling 


131-38-1/7 NOz; NH3; acids, 
cooling water 

131-36.5-5 Process; plating waste 

131-30-4 Process & cooling water 


Treatment 
Provided 


Septic tanks 


Settling 
basin 


1) Second. 
2) None 


None 


Settling 
basin 
Settling 
basin 
Settling 
basin 


Settling 
basin 


Settling 
basin 


Dis- 
charge 
in 
c,f.s. 


149 


a 


2.75 


1.55 


- 558 


Status of 
Pollution Abatement 


Unsatisfactory 


Satisfactory 


Unsatisfactory 


Unsatisfactory 


Unsatisfactory 
Unsatisfactory 


Satisfactory 


Satisfactory 


Unsatisfactory 


"CS 


River, Tribituary 
& Location of 
Waste Sources 


shoal Creek 
Silver Creek 
Herrod Packing Co, 


1964 -— 1965 


INDUSTRIAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


Spring River Basin (cont.) 


Map River Miles Waste Treatment 
No. Above Mouth Characteristics Provided 
fe 131-27-1/7-4 Process wastes; P.E. Lagoon 


2700 


Dis- 
charge 
in 


c.f... 


48 


Status of 
Pollution Abatement 


Unsatisfactory 











Finley Creek 
Little Finley Creek 
Seymour 


Ozark 
Nixa 


Crane Creek 


Crane 
Galena 


Flat Creek 
Cassville 


Little Flat Creek 


Purdy 


Grand River 


Elk River 


Buffalo Creek 
Camp Crowder 


River, Tributary 
& Location of 
Waste Sources 


White River 

James River 

Wilson Creek 
Springfield 





Map River Miles Population 


No. Above Mouth Equivalent 


rh 


54 





TABLE III - 7 


MUNICIPAL WASTE SOURCES 


JAMES, ELK AND SPRING RIVER BASINS 


550-77-7 


550-67-48-3 


550-67-13 
550-67-8 


550-50-13 
550-42 


550-27-46 


550-27-33-9 


114-11-24 


James River Basin 


Design 


312,246 


1,400 
1,500 
4,116 


1,200 


3,640 


665 


Population 
Equivalent 
Before 
Treatment 


320,000 


1,400 
2,000 
1,500 


1,000 
100 


1,700 


385 


Elk River Basin 


45,000 


1,350 





Nature of 
Wastes 


Dom.& Ind, 


Domestic 
Dom.& Ind. 
Domestic 


Domestic 
Domestic 


Domestic 


Domestic 


Domestic 





Treat- 
ment 
Provided 


Second, 


+lagoon 


Secondary 

Secondary 

Oxidation 
ditch 


Secondary 
None 


Lagoon 
system 


Lagoon 
system 


Secondary 





21.700 


225 
232 


» 139 
016 


.0596 


. 209 


Status of 


c.f.s. Pollution Abatement 


Expansion planned 


Planning new facil 
Overloaded 
Satisfactory 


Satisfactory 
Unsatisfactory 


Satisfactory 


Satisfactory 


Satisfactory 


River, Tributary 
& Location of 
Waste Sources 





Indian Creek 

North Indian Creek 
South Indian Creek 
Wheaton 


Unnamed Creek 
Goodman 


Anderson 


Noel 


Honey Creek 
Southwest City 


Lost Creek 
Seneca * 


Grand River 
Spring River 
Douger Branch 
Aurora 


1972 


MUNICIPAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


Men de gt Ee ie ee eT oe i he eg il a Bt se a 


Elk River Basin(cont,) 


Population Dis- 
Design Equivalent Treat- charge 
Map River Miles Population Before Nature of ment in Status of 


18 


1g 


20 


21 


22 


23 


27 


No. Above Mouth 


Equivalent Treatment Wastes Provided Pollution Abatement 





Cabs 


114-31-26-0,.5- 1,040 300 Domestic Lagoon -047 Satisfactory 
ll system 
114-31-5-10 902 600 Domestic Lagoon -093 Satisfactory 
system 
114-31-5 4,600 4,200 Dom.& Ind, Lagoon .512 Occasional over- 
system load from 
industry 
114-25.5 1,765 650 Domestic Lagoon .101 Satisfactory 
system 
104-14 805 425 Domestic Lagoon .066 Satisfactory 
system 
130-10 2,800 1,400 Domestic Lagoon .217 Satisfactory 
system 


Seneca lagoon is not located in Missouri, 


Spring River Basin 


“SS 


{31-341-3 11,860 10,750 Dom.& Ind. 


Secondary 1,42 
+ Lagoon 


Satisfactory 


at ee 
A " 
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MUNICIPAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


am N P n re r 


Spring River Basin (cont.) 





Population Dis- 
River, Tributary Design Equivalent Treat— charge 
& Location of Map River Miles Population Before Nature of ment in Status of 
Waste Sources No. Above Mouth Equivalent Treatment Wastes Provided c.f.s, Pollution Abatement 
Honey Creek 
Marionville 28 131-102-16 2,410 1,500 Dom.& Ind. Lagoon .240 Satisfactory 
system 
Williams Creek 
Mount Vernon 29 131-98-4 4,000 2,800 Domestic Secondary .434 
Stahl Creek 
Miller 30 131-96-7 928 650 Domestic Lagoon -101 Satisfactory 
= system 
ye Carthage 31 131-67 19,650 17,000 Dom.& Ind. Second. 2.71 Satisfactory 
ey +Lagoon 
I North Fork Spring River 
a Golden City 32 131-52-55 1,500 1,100 Dom,& Ind. Second, -121 Satisfactory 
# Lamar 33 131-52-34 9,000 3,800 Dom.& Ind. Lagoon .589 Satisfactory 
Se system 
a Oppossum Creek 
oy Jasper 34 131-52-1 4,770 750 Domestic Lagoon -116 Satisfactory 
3 system 
“fl Center Creek 
ei Sarcoxie 35 131-38-38 1,820 1,050 Domestic Lagoon .163 Satisfactory 
xe system 
y Carterville 36 131-38=11 1,600 1,600 Domestic Lagoon .248 Satisfactory 
system 
*4 Webb City 37 131-38-8 11,860 6,100 Domestic Lagoon .93 Satisfactory 
4 system 
: Carl Junction 38 131-38-4 3,700 1,500 Domestic Lagoon -574 Satisfactory 
system 
Turkey Creek 
Joplin 39 131-36 .5-5 56,700 64,400 Dom.& Ind. Second. 12,7 New facilities 
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MUNICIPAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


Spring River Basin (cont.) 





Population Dis- 
River, Tributary Design Equivalent Treat- charge 
& Location of Map River Miles Population Before Nature of ment in Status of 
Waste Sources No. Above Mouth Equivalent Treatment Wastes Provided c.f.s. Pollution Abatement 





Shoal Creek 
Clear Creek 


Monett 40 131-27-48- 14,950 15,280 Dom.& Ind. second.+t 1,090 Expansion needed 
13 Lagoon 
Pierce City 41 131-27-48-8 1,580 800 Domestic Second, .124 Satisfactory 
Neosho 42 1311-27-37 22,500 32,800 Dom.& Ind. Second. 1.95 Planning expansion 
Diamond 43 131-27-24 1,270 425 Domestic Lagoon .066 Satisfactory 
system 
Joplin 44 131=-27-15 23,500 18,540 Dom.& Ind. Second. 4.26 Satisfactory 








TABLE III - 8 


1972 





INDUSTRIAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


; | 


James River Basin 


Elk River Basin 


Dis- 

River, Tribituary charge 

& Location of Map River Miles Waste Treatment in Status of 

Waste Sources No. Above Mouth Characteristics Provided QE cae Pollution Abatement 

White River 
James River 
Wilson Creek 
MFA Plant Foods Division 9 3550-77-11 Scrubber water Settling ae Satisfactory 
basin 

. Producers Produce Company 10 5500-77-11 Cooling water blowdown None 39 Satisfactory 
ae Producers Produce Co.( Cremery)11 550-77-11 Cooling water blowdown None Satisfactory 
‘4 Hoffman-Taft Company , Inc. 12 550-77-11 Cooling water; misc. Settling ey leo Satisfactory 
ae wastes basin 
St) Frisco Railroad a 550-77-11 Oil, cooling water, Oil skimmer 1.2 Unsatisfactory 
By emulsifiers, etc. & settling 
be basin 
ee Kraft Foods 14 550-77-11 Cooling water blowdown None me | Satisfactory 
ge Kraft Foods Industrial 15 550-77-11 Cooling water blowdown None .08 Satisfactory 
eo. South Creek 
bet Dayco Corporation 16 I~ fim f=3 Cooling water Settling 232 Satisfactory 
oe basin 
a Finley Creek 
bes Major Cheese Co, 17 5550-67-13 Milk waste, cooling Secondary .836 Satisfactory 
Pe water; 1080 P.E. + Lagoon 
ser 


Elk River 
Indian Creek 
Seven Valleys Cheese Co. 24 No longer exists 


- Grand River 
Es 
he 
¢ 
: 


"BS 
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INDUSTRIAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


Elk River Basin (cont.) 


Dis- 
River, Tribituary charge 
& Location of Map River Miles Waste Treatment in Status of 
Waste Sources No. Above Mouth _ Characteristics Provided _c.f.s. Pollution Abatement 
Ralston Purina 25 114-25.5 Poultry process wastes, Lagoon 1,47 Unsatisfactory 
33,000 P.E. system 
Honey Creek 
O'Brien Foods 26 104-14 Poultry process wastes Lagoon .64 Unsatisfactory 
system 
Spring River Basin 
Grand River 
Spring River 
Hoffman-Taff Company, Inc. 45 131-11 Process and cooling Irrigation None Satisfactory 
Williams Creek 
Carnation Milk Company 46 131-111-3 Process and sanitary; Secondary 2.32 Unsatisfactory (over- 
13,000 P.E. loaded) 
Carthage Marble Co. 47 131-67 Marble dust Settling 93 Satisfactory 
basin 
Center Creek 
Grove Creek 
W.R. Grace Co, 48 131-38-19-3 NH3, NO3, cooling Settling -255 Unsatisfactory 
basin (additions needed) 
ICI, Inc. (Atlas) 49 131-38-19-3 NH3, NO3, cooling Settling 2.94 Unsatisfactory 
basin (additions needed) 
Hercules Powder Co. 50 131-38-17 NO,, NH,, Acids, Settling Satisfactory 
cooling water basin 
Turkey Creek 
Eagle-Picher Co. 51 131-36.5-5 Process; plating Settling 1.55 Unsatisfactory ur 
wastes basin (additional treatment 


scheduled) 
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INDUSTRIAL WASTE SOURCES 
JAMES, ELK AND SPRING RIVER BASINS 


Spring River Basin (cont.) 





Dis- 
River, Tribituary charge 
& Location of Map River Miles Waste Treatment in Status of 
Waste Sources __No. Above Mouth _ Characteristics Provided c.f.s., Pollution Abatement 
Short Creek 
Farmers Chemical Co, 52 131-30-4 Cooling water None oil Satisfactory 
Shoal Creek 
Silver Creek 
Herrod Packing Co. 53 131-27-17-4 Process wastes; P.E. Lagoon .073 Unsatisfactory 
2700 (Over Loaded) 


Pa ag i 


IV. 


HYDROLOGIC CHARACTERISTICS OF THE 
JAMES, ELK, AND SPRING 
RIVER BASINS 


J oye A ews 
oy a) he ce ‘ed a 





en Shel Oana tee 
Jae ee eee a 


{ch ee ian Tete ae 
oi i a : 


ri ae get as ou pee Pe oe ae 






6l. 


IV. HYDROLOGIC CHARACTERISTICS OF THE 
JAMES, ELK, AND SPRING 
RIVER BASINS 


STREAMFLOW 


The runoff from the James, Elk, and Spring River Basins is measured contin- 
uously at several points in the basins. The flow characteristics at these 


continuous record stations are summarized in Table IV-l. 


Low Flows 

A comparison of the low flow characteristics of the three basins, based on 

data from partial record and miscellaneous sites as well as the continuous 
record stations, indicates some differences in the low flow regimen of the 
streams. Low flows in the middle and lower James River and upper Spring River 
Basins are generally higher and better sustained than in the other areas. Also, 
low flows increase rather uniformly in a downstream direction in the James 

and Elk River Basins, whereas most of the low flow in the Spring River Basin 

is derived from the spring fed headwaters with little or no increase below 
LaRussell. 


The lowest discharges recorded in the basins occurred during the severe 
drought years of the early 1950's. During the years 1952-53, rainfall 
averaged about 14 inches below normal, making this period one of the driest 
since climatalogical records began in the region in the late 1800's. The 
cumulative effect of these two severely dry years, followed by below normal 
rainfall in 1954, resulted in the lowest streamflows of record in 1954. 
Table IV-2 shows the minimum recorded flows at the long time gaging stations 


and the approximate frequencies of the events. 


Average Flows 

Average annual discharges at the long time continuous record stations show 
that runoff varies from about 9.5 inches at Waco to about 12.5 inches at 
Galena. Rainfall averages 41 to 42 inches annually in the basins; thus, 25 

to 30 percent of the water falling on the basins as precipitation is available 
as a surface water supply. The remaining 70-75 percent of the rainfall is 


used up in the evapotranspiration process and infiltration into the earth's 
Surface. 








The average monthly flows at the Galena, Waco, and Tiff City stations are 
presented in Figure IV-l1. Note that the average monthly flow patterns in 

the basins are quite similar. The highest average runoff occurs during 

April or May, followed by a rather rapid decline to the September minimums, then 
a gradual pickup in runoff throughout the winter prior to the rapid spring 


increases, 


Flood Flows 


Gaging station records at Galena, Waco, and Tiff City indicate that the 
magnitude of flood runoff per square mile in the basins is comparable during 
low order floods. However, during the 50-year flood event, runoff from the 
Elk River Basin is about twice as great as that from the Spring and James 


River Basins primarily because of basin shape and slope differences. 


The maximum discharges recorded in the basins occurred in the early 1940's. 
Table IV-3 shows the peak flow of record at the long time gaging stations and 


the approximate frequencies of the events. 


Flows During Period of Study 


Streamflow conditions during the period of this study must be compared to 
long time flow patterns in order to evaluate the significance of the water 
quality data which were collected. Table IV-4 lists the results of measure- 
ments made when samples were taken at or near a site where frequency data are 
available, and the approximate frequency of low flow events. This table is 
restricted to a few sampling points and does not reflect the total number of 


samples taken in the basins. 












TABLE IV.- 1 


Station Name 


James River 
near 
Springfield 


James River 
at Galena 


Spring River 
at LaRussell 


Spring River 
near Waco 


Elk River 
near 
Tiff City 


STREAMFLOW CHARACTERISTICS AT CONTINUOUS RECORD STATIONS IN THE JAMES, ELK, AND SPRING RIVER BASINS 
Low flow frequency data 
Annual low flow, 


Average Discharge 


141, 200 






671,100 


139,000 






584,200 





546,600 


aT feet jacre-feet Period, 
per second| per year| days 






in cubic feet per second 

for indicated recurrence 
interval 1/ in years 
20 [30 


1/ Recurrence interval is the average interval of time within which an event will be exceeded once, 


50-year flood or drought has a 2-percent chance of occurring in any year. 


Flood frequenc: 
Magnitude of 


data 
flood 


in cubic feet per second 
for indicated rectirrence 
interval a! in years 


50} 1.2 | 2.3 _10 25 50 


5,000] 18,000) 36,000 


For example, a 


—_ 


8,800) 21,300 32,000) 41,000) 52,500 61,500 


55,000] 82,000] 104,000 


“€9 
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TABLE IV — 2. MINIMUM FLOWS AT LONG TIME GACING STATIONS 


Minimum recorded | | 
Station flow | Recurrence Interval | 
(cubic feet per second) (years) 







/ 


at Galena | | = | ==. 

4.2 8-28-54 40 to 50 

near Waco — | | | 
Elk River leer 9-5-54 25 to 30 

near Tiff City | | _ | 





2000 
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Average Monthly Flow (cubic feet per second) 
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FIGURE IV - 1, AVERAGE MONTHLY FLOWS IN THE JAMES, ELK, AND SPRING RIVER BASINS 
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ames River at Galena 


Spring River near Wace 







Elk River near Tiff City 





TABLE LV = 3. MAXIMUM FLOWS AT LONG TIME GAGING STATIONS 


Maximum recorded flow 


(cubic feet per second) 





52,700 


103,000 


137,009 


(cubic feet per second 
per square mile) 


5-20-43 


9-19-43 


4-19-41 








n 
on 













ames River 


Finley Creek 


ames River 


Bpring River 


bpring River 


TABLE IV - 4 RESULTS OF DISCHARGE MEASUREMENTS AND 






Location Date 

NEX, Sec. 6, T27N, R22W, at bridge 8-5-64 
on county road, 2 miles south of 10-21-64 
Battlefield, Christian County. 1-19-65 
(J-4) 4-28-65 
SWk, Sec. 22, T27N, R21W, at bridge 8-20-64 
on U.S. Highway 65, one-half mile 10-22-64 
west of Ozark, Christian County. 1-20-65 

(J£-3) 2-1-65 
4-28-65 

5-3-65 

NEX, Sec. 14, T24N, R23W, at bridge 8-6-64 
on county road, 1's miles southwest 10-22-64 

of Galena, Stone County. (J-8) 1-20-65 

On line between Secs. 13 and 14, 9-15-64 
T28N, R28W, at bridge on State 10-21-64 

Highway 97, 2 miles north of 11-4-64 | 
Stotts City, Lawrence County. 12-16-64 | 

(S-4) | 3-16-65 

| 6-1-65 

S45, Sec. 3, T29N, R33W, at bridge 9-15-64 
on county road at Galesburg, } 12-7-64 
Jasper County. (S-7) 3-17-65 


6-1-65 


APPROXIMATE FREQUENCY OF LOW FLOW EVENTS 


Discharge 


(cubic feet per second) 





Recurrence 
Interval of 
low flow events 
(years) 


2 


— 


RESULTS OF DISCHARGE MEASUREMENTS AND APPROXIMATE FREQUENCY OF LOW FLOW EVENTS (cont.) 


Stream Location 





Center Creek On line between Secs. 1 and 2, 
T27N, R30W, at bridge on State 
Highway 37, 2 miles northwest of 
Sarcoxie, Jasper County. (Sc-2) 


Center Creek NEX%, Sec. 9, T28N, R33W, at bridge 
on State Highway 171, 2 miles 
southeast of Carl Junction, 
Jasper County. (Sc-7) 


Elk River SW, Sec. 34, T22N, R32W, at bridge 
on U.S. Highway 71 at south city 
limits of Pineville, McDonald 
County. (E-1) 


Indian Creek NE, Sec. 18, T22N, R32W, at bridge 
on State Highway 36, three- 
fourths mile southeast of 
Anderson, McDonald County. (Ei-1) 


Date 


9-1-64 
10-21-64 
11-30-64 
2-16-65 
6-22-65 


9-11-64 
10-20-64 
12-1-64 
2-17-65 
6-23-65 


8-19-64 
10-20-64 
2-2-65 
5-4-65 


8-18-64 
10-20-64 
2-3-65 
5-4-65 





Recurrence 
Discharge Interval of 
(cubic feet per second) low flow events 
(years) 
21.4 Leo 
9.04 5 
Zins ps 
23.2 Les 
cp aa | - 
30.0 2 
20.0 5 
84.9 ~ 
57.6 = 
137 - 
34.9 i 
32.6 1.5 
114 
277 = 
44.2 1.45 
L260 a 
48.2 1.5 | 
142 - 
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GROUNDWATER 
Large quantities of potable groundwater are available from groundwater sources 
in the James, Elk, and Spring River Basins. The only exception is the 
extreme northwestern corner of the Spring River Basin, in southwestern Barton 
County and northwestern Jasper County, where the deeper horizons locally 
yield water which is too high in total dissolved solids to be acceptable. 
Several shallower zones of Pennsylvanian and Mississippian age also contain 


mineralized water in this area. 


Generally the groundwater is of satisfactory bacteriological quality in the 
three-basin area except in the Springfield area where the shallower ground- 
water horizons (Mississippian and Ordovician rocks) are polluted by diverse 
sources. The pollution has probably entered the groundwater through improperly 
constructed wells. Many of the shallower horizons, down to and including the 
Swan Creek sandstone zone in the Cotter Dolomite of Ordovician age, have 

water with high nitrates, high coliform counts and in some instances gasoline 


or fuel oil in the water. 


Water is available in very small quantities from the Pennsylvanian-age deposits 
which directly underlie the northwestern part of the basin complex. These 
deposits are fine grained and for the most part are not to be considered as 


dependable sources of water. 


The Mississippian-age limestones which underlie the three-basin area yield 
small to moderate amounts of water to wells. The quality of the water in these 
shallow aquifers could be subject to suspicion in local areas because of the 
Cavernous characteristics exhibited by the limestone. Water recharges rather 
quickly to the aquifers,and in local areas any source of surface pollution 

soon finds its way underground. Because of this it is usually wise, where pos- 


sible, to set well casing through the Mississippian-age rocks. 


The most important aquifers in the basins are the Roubidoux Formation, the 
Gasconade Dolomite, the Gunter member of the Lower Gasconade Dolomite, all 

of Ordovician age and the Potosi Dolomite of Cambrian age. The Roubidoux 

has a range in yields of from 5 to 150 gallons a minute with the average 

being from 15 to 25 gallons a minute. The Gasconade has a range in yields 

from 15 to 45 gallons a minute with 20 gallons a minute being the average yield. 
The Gunter has a range in yields of from 25 to 500 gallons a minute. No data 
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are available concerning yields from the Potosi Formation in the three—basin 
area with the exception being in the Springfield area where yields in excess 


of 1000 gallons a minute have been reported for wells penetrating the Potosi, 





Water quality in the deeper aquifers is quite good with the exception of the | 
extreme western margin of the three-basin area. In this area, dissolved solids , 
could be higher than is accepted by the Missouri Division of Health for public 
drinking supplies (500 ppm). 
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V. THE BENTHOS OF THE STREAMS IN THE 
JAMES, ELK, AND SPRING RIVER BASINS 
AS RELATED TO WATER QUALITY 


ABSTRACT 


Water quality of the James, Elk, and Spring River Basins was evaluated by four 
seasonal benthic macroinvertebrate collections from 52 riffle stations during 
1964-65. Water quality was determined on the basis of: (1) coefficient of 
similarity; (2) diversity of benthic population; and (3) percentage of clean 
water organisms. Of the eight stations located in the Elk River Basin, one 
(Ei-2) was affected by waste discharges. The James River Basin was sampled 

at twenty stations. Based on benthic macroinvertebrate data, six of the twenty 
stations were considered polluted (J-5, Js-l, Jw-l, Jw-2, Jf-3). The Spring 
River Basin was sampled at twenty-four locations. Nine of the twenty-four 
stations (Sc-4, Sc-5, Sc-6, Sc-7, Sc-8, St-9, Sw-l, S-2, S-6) were considered 
polluted or seriously affected by waste discharges, five of the nine stations 


that were considered polluted were located on Center Creek, below an industrial 


complex. 
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INTRODUCTION 





The water quality of a stream is indicated by the types and relative numbers of 
various benthic organisms at one particular location. As a result of their inability 
to move great distances by self motion and their location in the stream bottom, 
benthic communities are adversely affected by low water quality. When the water 
quality is low, or polluted, certain species will be eliminated and others may 


increase to greater numbers than would normally occur. 


During the survey of the Elk, James and Spring River Basins, 52 riffle stations were 
established and sampled seasonally, starting in the summer of 1964 and ending with 
the spring sampling period in 1965. Eight stations were located in the Elk River 
Basin, twenty stations in the James River Basin, and twenty-four in the Spring 

River Basin. In each basin some stations were established to obtain a picture of 
each stream in as near unpolluted condition as possible, while others were estab- 
lished in order to determine the effects that known sources of pollution had on the 
benthic life. 


The seasonal riffle collections were made to evaluate the water quality of the study 
streams. The data was collected to be used in the establishment and enforcement 
of water quality standards to protect the aquatic environment, The study will also 


provide a testing ground for the evaluation of benthos data in future projects. 
METHODS 


Six or 12 square feet of riffle bottom were sampled at each station, in accordance 
with the findings of Kuester (1964). Small streams, under 25 feet in width, were 
sampled at the 6 square feet rate, and streams of greater width were sampled at 


the 12 square feet rate. 


A heavy nylon bottom net, 20 meshes to the inch, was used to collect the benthic 
fauna. Organisms were displaced from the riffle bottom by digging up the required 
number of square feet with a three-pronged cultivator. The organisms were swept 
by the current into the bottom net positioned about one foot downstream. Large 


substrate was hand picked to assure removal of organisms which remained attached. 
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The sample was washed from the bottom net into two screens for sorting, The upper 
screen was *-inch hardware cloth and the lower 40 meshes to the inch strainer cloth. 
Material remaining in the upper screen was checked for organisms and discarded. All 
material on the lower screen was preserved in 10 percent formaldehyde. The samples 

| were taken to the laboratory for sorting and identification. The material to be 

| sorted was washed free of formaldehyde with water in a 40 mesh strainer cloth sieve. 
Sugar flotation as described by Anderson (1959) was used to remove most of the organisms. 
The remaining material was sorted by hand in order to assure removal of heavy 
organisms, caddis cases and organisms clinging to non-floating material. Organisms 
were separated into several vials by gross observations of the sorter. The remaining 


material was returned to the sample jar with the formaldehyde so that the biologist 


in charge could examine the sorted material. 


\ A dissecting microscope and a compound microscope were used in identification of the 

| organisms. Standard forms were used to record the identification of the organisms, 
number present, and water displacement in cubic centimeters. Individual organisms 
were counted except that when large numbers were present, estimates were made by 


| volume measurements and counts of subsamples. 


| Identification of organisms was as follows: 
‘ (1) Flatworms (Platyhelminthes), annelids (Annelida), and round worms (Nematoda) 
were identified to class. 


(2) Flies (Diptera) were identified to family, or genus, depending upon the 
organism. 
(3) Stoneflies (Plecoptera), mayflies (Ephemeroptera), caddisflies (Tricoptera), 
_ and mussels (Pelecypoda) were identified to species whenever possible. 
_ (4) Snails (Gastropoda), crustaceans, and insect groups other than those named 
| were identified to species whenever practicable. 
Diet be casts en was accomplished with the following keys: 
| Burks, (1953), Frison (1935 & 1942), Johannsen (1934 & 1935), Pennak (1953), Ross 


(1944), Usinger (1963), Ward & Whipple (1959), and Williams (1954). 


Statistical Analysis 


efatistical analyses of benthos data should be approached with a high degree 
eeeCaution, 


The problems of obtaining quantitative benthos data have been discussed 
in 
e™any papers. 


Because it is difficult to obtain reliable quantitative data for 
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benthic populations, Clifford (1966) suggested that the emphasis be placed upon 
the occurrence of the aquatic invertegrates throughout the stations rather than 
their densities at particular stations. In this method, the square root of the 
frequency of occurrence is determined for each taxonomic level. This number is 
then multiplied by the density of the organisms per unit area, which is called 


the prominence value. 


By using the prominence value, the coefficient of similarity (C) between two sta- 
tions is calculated as (C=2W/at+b), where "a'' is the sum of the prominence values 
of all the taxonomic levels at one station, "b" is the sum of the prominence 
values at another station and "W" is the sum of the prominence values the two 
stations have in common for each group. The prominence value selected for "W" is 
the lowest for the taxonomic level common to both stations. Similarities between 
stations will be determined in this study by the use of the coefficient of similarity. 
Unpolluted stations within the same watershed, having similar substrate, would yield 


a high coefficient of similarity. 


Water Quality Criteria 


In the discussion of results, the following factors were considered in determining 


the quality of water at any particular station: 


1. Coefficient of similarity to nearby stations should be high. A value of 
less than 50 will be considered low and one greater than 60 considered 
high. Low values could result from physical differences (substrate, flow, 
etc.,), chemical differences, or a combination of both. | 
2. The diversity of the benthic fauna represented should be great in high 
quality streams. Stations were expected to harbour 40 or more types of 
aquatic invertebrate life. 
3. Unpolluted stations are expected to have at least 50 per cent of the 
organisms represented from the clean water groups (i.e. mayfly, stonefly 
and caddisfly families). 
4, The presence of exceptionally large numbers of pollution-tolerant organisms 


and reduced diversity is indicative of a polluted condition, 


Physiography 


The Elk, Spring, and upper James River Basins lie within an area described as the 


5 


"Springfield Plain" by Sauer (1920). This area forms the western boundary of the 
Ozark Highlands. It is a gently sloping plain covered with fertile soils. The 
streams flow in rather steep-sided valleys, and the area in general appearance 

and condition is like the plains of eastern Kansas. The streams receive water from 
the many springs of the area. Two main centers of population in the region are 
Springfield and Joplin. Springfield has a population of about 100,000 and the 
Joplin area is in excess of 40,000. Aside from the population centers, the main 
land use is agricultural. About 80 percent of the land outside the cities is 


used for farms and forest land (Collier, 1955). 


The lower James River, including its tributary streams, lies in the region called 
the "White River Hills" by Sauer (1920). This region is characterized by high 
buttes, innumerable glades, and valleys cut by drainage lines, making this area 
of the state second in relief only to east-central Missouri. There are no major 
cities in this region; the largest towns have populations of about 1,500. About 
85 percent of this area is farmland, most of which is still woodland of the oak- 


hickory forest type. Streams are clean, swift, and partly spring fed. 


a SS _e__ = 
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Elk River Basin 















The survey of the Elk River Basin included stations on Little Sugar (Els - 1), 

and Big Sugar (Ebs -— 1) creeks, which enter Missouri from Arkansas and join to 

form the Elk River at Pineville, Missouri (Figure 1). Station Els - 1 was located 
at the Highway /1 crossing near Caverna, Missouri. Little Sugar Creek is a clean 
Ozark stream which is of high quality as indicated by the high coefficients of 
‘similarity (Table 1) to other stations in the Elk River Basin. The diverse benthic 
fauna consisting of 66 types with 38 (58 percent (Table 2) of the organisms being 
members of the clean-water groups. Big Sugar Creek, station Ebs - 1 located south 
of Powell on Highway "E", was very similar to Little Sugar Creek. The water quality 
of Big Sugar Creek was quite high as indicated by the benthic fauna. Station Ebs - 1 
agg of high quality as indicated by 61 types of aquatic life, of which 34 or 56 
Percent of the types were members of the clean-water groups. 

Samples were also collected from Indian Creek, another large tributary of the Elk 
Kiver, The riffle at station Ei-l, located southeast of Anderson on Highway 76, 

_ Composed of a high percent of gravel. Extensive gravel bars indicated the 


= 


Be ability of the creek bottom in the upstram reach of Indian Creek. The reduced 
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stability of the riffle at station Ei-1 probably contributed to the slightly low 
number of types of organisms present (56): however, the presence of 33 clean-water 
types (59 percent) is indicative of high-quality water. In spite of the large 
quantities of shifting gravel, one specimen of the Unionidae group was found during 


the spring collection. 


Station Ei-2, located about eight miles downstream from Ei-1l, was the only station 
sampled in the Elk River Basin which contained fewer than 50 percent clean-water 
organisms (47 percent). The apparent reasons for the reduced clean-water fauna at 
station Ei-2 was organic pollution from a poultry processing plant and cheese plant 
at Anderson. In addition to these pollution sources, a gravel dredging operation 
caused excessive turbidity in Indian Creek during its intermittent operation. The 
reduction in clean-water types was not in one specific order (stoneflies, mayflies, 
or caddisflies) but was a reduction of a few types from each group. Two mayflies 
of the family Caenidae, Caenis sp., and Tricorythodes sp. were very abundant at 
station Ei-2, According to Hynes (1963) the mayfly Caenis sp. can tolerate silt 


while other mayflies are less tolerant of silted conditions. 





The main stem of the Elk River was sampled at three locations, E-l, E-2, and E-3. 
Station E-l, located at the Highway 71 crossing was of high quality, as indicated 

by 61 percent clean-water organisms, In spite of large quantities of gravel, the 
benthic fauna had high coefficients of similarity when compared with other Elk 

River stations. The riffle at station E-2 was composed mainly of shingle-type 
rubble. This riffle harbored 58 percent clean-water types and had very high 


coefficient of similarity values when compared with other stations in the basin. 


Station E-3, the downstream station on the mainstem of the Elk River, was located 
at the Highway 43 crossing. The Elk River at this point has grown from an Ozark 
stream with a fall discharge of about 35 cubic feet per second to a large, clear 
river with a discharge of over 150 cfs. The increased volume had not caused 
Significant changes in the benthic community. Coefficients of similarity remained 
high when compared with even the smallest streams sampled. Added evidence of the 


high water quality was the presence of 54 percent clean-water organisms. 


Buffalo Creek, a tributary of the Elk River, was sampled near Tiff City at the 
Highway 43-76 crossing. Buffalo Creek is a spring-fed, gravel bottomed stream. 
Spring-fed streams quite often have a fauna that can be misinterpreted to be 


polluted because they do not harbor as diverse a fauna, and the population are 
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often dominated by a few taxa. Station Eb-l was the only station in the Elk River 
Basin to have a coefficient of similarity of less than 50. A coefficient of 
similarity of 48 was obtained in the comparison of the Buffalo Creek station 

with station Ei-2, the only station with less than 50 percent clean water types. 
The low coefficient of similarity is probably a combination of the effects of the 
pollution at Ei-2 and the spring-stream fauna found in Eb-l. 


James River Basin 
The James River originates in a rather narrow watershed and gathers its waters from 
short tributary streams in its upstream reach. Longer and consequently larger 
tributary streams contribute to the James River in its middle and downstream reach 
(Figure 2). Generally, the topography of the area is plain like, but the relatively 
clear water and presence of large quantities of chert gravel in the riffle bottom 
is suggestive of an Ozark stream, Twenty riffle stations were located in the James 


River basin, eight on the main stem of the river and twelve on tributary streams. 


Upper James River 
The upper James River included four stations of the main stem (J-l through J-4) 
and stations on Pearson and Sequiota Creeks in Greene County. Station J-l was 
| located about one mile west of the Greene-Webster County line on a riffle which 
was moderately stable and composed of more than 50 percent gravel. Like the 
headwaters of the typical Ozark stream, the James River at Station J-1 was clear, 
with large areas of unstable gravel along the shoreline. The benthic population at 
Station J-l1 was composed of 65 types of organisms of which 40 (62 percent) were 
“Members of the clean-water groups (Table 3). High coefficients of similarity 
with other high-quality headwater streams is indicative of the condition of James 
River at Station J-1 (Table 4). 


Station J-2, located upstream from Highway D crossing about five miles east of 
Springfield, harbored a benthic fauna representative of good quality water. Of 
) hie 70 types of organisms collected from Station J-2, 37 (53 percent) were members 
) Of clean-water groups. Like Station J-l1, J-2 was located on a moderately stable 
riffle composed of a high percentage of gravel. The coefficient of similarity 
Calculated for J-2 was highest in the comparison with Stations J-l, J-3, and J-4, 


Sy Substrate at Station J-3 was somewhat different than that at Stations J-l 
@nd j-2 





- At Stations J-3, the substrate was composed of a high percentage of 
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bedrock overlain with gravel and rubble. The presence of less than 50 percent 
clean-water organisms (46 percent) is overshadowed by the high coefficients of 


similarity with other clean-water stations. The high similarity of Station J-3 





to its neighboring stations is indicative of good water quality. The reduced 
percentage of clean-water types at Station J-3 could be attributed to substrate and 


water velocity differences. 


Station J-4, located two miles upstream from the confluence of James River and 
Wilson Creek, is the last station on the main stem of the James River which is 
unaffected by pollution from Springfield. Below Wilson Creek, problems vary 

from fish kills to symptoms indicative of excessive nutrients. Station J-4 
harbored the most diverse fauna, represented by 85 types of benthic invertebrates. 
The excellent substrate, about 70 percent rubble, 20 percent gravel and 10 percent 
boulders, no doubt contributed to the diversity represented in the collections. Of 
the 85 types present, 41, or 48 percent of the types represented, were members of 
clean-water groups. A further discussion of the effects Wilson Creek has on James 


River can be found along with the material presented for Station J-5. 


Pearson Creek drains an area about three miles east of Springfield which is heavily 
used for dairy farming. The benthic fauna of Pearson Creek, sampled at Highway D, 
was composed of 56 percent clean-water types. The low coefficients of similarity 
which were obtained for Station Jp-1 can be attributed to abnormally high numbers 

of certain groups. The presence of large quantities of algae and watercress in 
Pearson Creek is indicative of a large quantity of spring flow, The ground water 
flow in Pearson Creek stimulated the number of snails, Goniobasis sp., and could 
possibly have an effect on the unusual numbers of the mayfly Baetis sp. The 

unusual high numbers of these organisms plus several smaller variations are the cause 


of the low coefficients of similarity. 


The Sequiota Creek Station, Js-l, located near the junction of Highways 65 and 60, 

3 miles south of Springfield, contained a fauna which indicated a disturbed situation. 
Previous records on Sequiota Creek indicate occasional pollution problems which 

have resulted in fish kills. The low coefficients of similarity with clean-water 
stations and presence of only 42 percent clean-water organisms indicate a degree 


of pollution in Sequiota Creek. 
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Middle James River and Wilson Creek 


A discussion of the water quality of the middle reach of James River without 
{ncluding Wilson Creek would be egregious, Wilson Creek is not only one of the 
largest tributary streams in the James River System, but it also drains an area 
with a population of approximately 100,000. The effect of Wilson Creek on James 
River is well illustrated when Station J-4 is compared with J-5. Station J-5, 
located about six miles downstream from the confluence of Wilson Creek and James 
River, harbored only 52 types of benthic organisms, of which 22 (or 42 percent) 
were clean-water organisms. All coefficients of similarity calculated for Station 


J-5 in comparison with high quality headwater stations yielded low values. 


In July of 1966 following a fish kill below Wilson Creek, benthos samples were 
taken at Stations J-4 and J-5. The kill was caused by low dissolved oxygen, 
originating in Wilson Creek. In July, 1966, Station J-4 (above Wilson Creek) 
| harbored 37 types of organisms of which 17 (46 percent) were clean-water types, 
| indicative of good water quality. At Station J-5, the benthic fauna following the 
. fish kill consisted of 22 types, of which only 5, or 23 percent, were representatives 
of the clean-water groups. A comparison of summer benthos populations at Stations 
J-4 and J-5 showed little change in the types of organisms collected in 1964 and 
1966 at J-4, but a significant reduction in clean-water types at J-5 was apparent 
_ following the fish kill (Table 5). In the 1964 collection, 13 types of mayflies 






\ 
. 


_ were collected at J-5; however, in 1966 following the kill, only 4 types of mayflies 


were collected. Caddisflies were represented by one genus (Cheumatopsyche sp.) at 













) Station J-5 in 1966, compared with two genera in 1964. In both the 1964 and 1966 
Collections, Station J-4 had five caddisflies represented in each collection. 


4 


Stoneflies are of little significance in mid-summer collections; however, one species 


Neoperla clymene) was collected at Station J-4, and none at Station J-5. 


Stations J-6 through J-8 showed a gradual improvement in the composition of the 
sbenthic community at Station J-6, located 6 miles east of Hurley and about 14 
miles downstream from Wilson Creek, was represented by 67 benthic types, of which 


32, or 48 percent, were clean-water types. This is a considerable improvement 
Over 


ifs 


the benthos population sampled at Station J-5. Part of the improvement, no 
Poubt, is due to natural stream processes, including the inflow of good quality 
meter from Finley Creek about three miles upstream. The improved condition at 

pfation J-6 is also indicated in the comparison of coefficients of similarity for 


@tion J-6 with the coefficients obtained for the comparisons with Station J-5. 
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The coefficient of similarity obtained in the comparison of Station J-4 with J-6 
was 60, while the comparison of Stations J-4 and J-5 yielded only 44. Other 
Stations were not as drastically different, but all comparisons of Station J-5 
with clean water stations yielded lower readings than the same comparisons with 


Stations J-6, J-7, or J-8. 


The water quality at Station J-7, which was located 5 miles east of Elsey on 





Stone County Highway AA was improved over Station J-5, and in some aspects, improved 
over J-6. The number of types of benthic macroinvertebrates found in samples from 
Station J-/ was slightly higher than Station J-6. At Station J-7, 72 types of life 
were identified, of which 34, or 4/7 percent, were clean-water types. An unusually 
high coefficient of similarity was obtained in the comparison of Station J-/ with 
Jp-l. The data obtained in the coefficient of similarity was affected by high 
numbers of Chironomidae at each station. The contribution of this one group to 

the analysis was enough to raise the similarity of these apparently different 


stations. 


The final station of the main stem of the James River was Station J-8, located about 
two stream miles below Galena. The population of macroinvertebrates as represented 
by the samples collected was of good quality in percent of clean-water organisms 

and coefficients of similarity. The riffle at Station J-8 was composed of a high 
percentage of rubble and boulders. Fifty-two percent of the types of organisms 
collected were clean water types. The coefficients of similarity were high in all 
comparisons with the exception of Stations Jp-l and Js-l1. High similarity with 
stations as diverse as Station J-l1 and J-5 seems improbable. The pollution which 
enters the James River at Wilson Creek is probably "assimilated" at Station J-8, 


and aside from the large quantities of algae, the river is in good condition. 


Wilson Creek 


Wilson Creek was sampled at three locations, all below the Springfield sewage treat- 
ment plant, According to recent estimations, the Springfield treatment plant treats 
wastes of 220,000 population equivalents. Station Jw-l, about two miles downstream 
from the treatment plant, harbored 7 types of life, of which only 2 (29 percent) were 
clean-water type organisms. The coefficients of similarity for the comparison of 
Station Jw-l with unpolluted tributary stream stations were extremely low. As 


discussed earlier, the coefficient of similarity will be above 50 when two good 
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quality stations are compared. The lowest value possible would be in the range of 01, 
which was obtained in the comparison between Station Jw-l and a station of Flat Creek, 
As expected, stations polluted by similar types of wastes would have high coefficients 
of similarity. Stations Jw-l and Jwsp-l had the highest coefficient of similarity in 
the James River Basin, an 82. Station Jwsp-l was located in the spring flow from 

Rader Spring which consists mainly of the treated sewage from Springfield which enters 
the groundwater below the treatment plant and flows from the ground two miles downstream 
and about twenty-five feet from Station Jw-l. The water of Rader Spring harbored only 
4 types of life, worms (Oligochaeta), leeches (Hirodinea), a snail, Physa sp., and 
midge larvae (Chironomidae). All of these creatures are extremely tolerant of organic 


type pollution, and all but the leech were very abundant in the flow of Rader Spring. 


Station Jw-2, located at the last county road crossing of Wilson Creek above the James 
River and about 4 miles downstream from Station Jw-l1, harbored a benthic population 
indicative of polluted water. The presence of only eleven types of life, two of the 
clean-water type, is indicative of the impact a heavy populated and industrialized 
area can have on stream life. The high coefficients of similarity between the Wilson 
Creek stations and extremely low values obtained when comparing the Wilson Creek 
stations with Station J-1 and J-6 (Table 4) gives an indication of the severely polluted 
condition of Wilson Creek. It is interesting to note that thirty years ago, when the 
population of Springfield was nearly 70,000 Sullivan (1933) made a survey of James 
River, including Wilson Creek. In his report to the Missouri State Game and Fish 
Commissioner, his observations made on Wilson Creek near its mouth are recorded. Dr, 
Sullivan states, "Animal life was found to be very abundant, even those forms which 
Tequire large quantities of oxygen for their existence. This is a very good indication 
hat the injurious gases which result from the disposal of sewage waste are not present 
BN these waters." In contrast with these records, we have frequent fish kills, and 
the benthic fauna collected during the water quality survey clearly indicate that 
Wilson Creek is severely affected by pollution from Springfield. It is also apparent 


*rom the data presented and previously discussed that Wilson Creek has an adverse effect 
= @quatic life in James River. 


Binley Creek 


ho 
Finley Creek watershed parallels the Upper James River in its westerly direction 
i Finley Creek is a large tributary which drains a more sparsely settled area than 


m PPer James River. Station Jf-1 was located above all the towns in the watershed 


a; 
about 2 miles upstream from the town of Linden. Station Jf-l1 had a benthic fauna 
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represented by 69 types, of which 40 (58 percent) were clean-water types. The high 
coefficient of similarity with Station J-1 is further evidence of the high quality 
water at these stations (Table 4), Station Jf-2 was located downstream from Highway 
125, below Lindenlure Lake near the town of Linden. This station was also of high 
water quality, as indicated by the presence of 63 types of life, 30 or 48 percent 

of which were members of the clean-water groups. The reduced number of organisms 
could be attributed to the presence of Lindenlure Lake, immediately upstream, and 


the partial bedrock substrate similar to that at Station J-3. 


The only serious source of pollution in the Finley Creek Basin was located above 
Station Jf-3. The station, located upstream from Highway 65, was polluted by cheese 
plant wastes and municipal wastes from Ozark which entered the creek about a half- 
mile upstream. The organic pollution was apparent from the appearance of the creek, 
and growths of sewage fungus (Sphaerotilus sp.) in parts of the riffle. The benthic 
community showed the effects of the pollution. Of the 25 types of benthic organisms 
collected, only 7 (28 percent) were clean-water organisms. The pollution problem was 
most serious during the first three sampling periods. The cheese plant was providing 
some treatment during the spring collection period, but the water quality at Station 


J-3 was still low due to the waste discharges upstream. 


Finley Creek at station Jf-4, located at the Highway 160 crossing six miles downstream 
from Jf-3, was much improved over the conditions found at Jf-3. The total types of 
organisms collected rose from the 25 collected from Station Jf-3 to 61 at Jf-4. The 
percent of clean-water organisms was quite low, 38 percent. The coefficients of 
similarity calculated for Station Jf-4 were improved in comparison with clean water 


streams. In spite of a good rubble and gravel substrate, the riffle at Station Jf-4 


i} 


harbored only two members of the order Plecoptera (stonefly), Allicapnia sp., and 

Isoperla sp. At Station Jf-2 above the pollution, six members of the Order Plecoptera 
were collected. The reduction in the clean water groups from Station Jf-2 to Station 
J£-4 was mainly in the Order Plecoptera; however, several members of the Order Epheme- 


roptera were also absent from Station Jf-4, 


Crane Creek 


Crane Creek originates in the western part of the James River Basin. The creek flow 

is made up of a large quantity of spring water which enters Crane Creek from its 
tributary, including Spring Creek. The station located on Crane Creek (Jc-1l) about 
five miles east of Elsey, contained 64 types of life, of which 30 (or 47 percent) were 


clean-water types. The coefficients of similarity obtained in the comparison of Station 
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Jc-1 with other clean-water stations was quite high, indicating good water quality. 


Flat Creek 


The stations located on Flat Creek, Stations Jfl-l and Jf1-2, were of good quality. 
Stations Jf1-1, located about two miles north of Cassville, harbored 58 types of 

benthic macroinvertebrates, of which 29 (50 percent) were clean-water types. 

Station Jfl-2, located east of Jenkins on Highway EE, harbored the same number of 

types and percentage of clean water organisms as Station Jf1-1; however, the coefficient 
of similarity was low. The reduced similarity could be due to the lagoon effluent 

from Cassville, but a review of the data revealed the low similarity to be due to 
specific differences. Station Jfl-l1, in comparison with Station Jf1-2, harbored few 

: snails, Goniobasis sp., many Isopods, Lirceus sp., and dissimilar coefficients of 
similarity. When the effect of the lagoon effluent is combined with substrate and 


flow variations, low coefficients of similarity are obtained for Stations Jfl-1l and 
Jf1-2. 


Spring River Basin 


———————— SSS 


The Spring River in southwestern Missouri is more typical of a plain-type river than 
the Elk or James River. The area which it drains has less relief, and the waters are 
4 more turbid than Ozark-type streams. In the north and western portion of the basin, 
| | the valleys are wide and much of the land along the river is used for agriculture. 


‘In this reach, the Spring River is quite typical of an eastern Kansas plains river. 


The Spring River drainage is more heavily populated than the Elk or lower James River 
Basins. Several cities have populations of more than 2,000 and the Joplin area has a 
Population in excess of 40,000 (Figure 3). Industrialization of the area is moderately 


Meavy with the Joplin-Webb City area having a concentration of lead and zinc mines and 
other industries. 


_ tributaries of the Spring River which were sampled during this survey include, 

i fast to west, Honey Creek, Williams Creek, North Fork of Spring River, Center 

preek, Turkey Creek, and Shoal Creek. Honey Creek and Williams Creek are small tri- 
mtary streams in the Upper Spring River. The North Fork of Spring River is a major tri- 


mtery stream which drains the northwest portion of the basin. The North Fork drains 


7 
p*tea of moderate population and low relief. 
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Center Creek, south of the main stem has nearly the same river miles in Missouri as 
Spring River. Center Creek flows along the north edge of the Joplin-Webb City area 


where it receives industrial and sanitary wastes. 


Turkey Creek, a small interstate tributary stream flows through the Joplin area and 


receives treated sanitary wastes and industrial wastes. 


Shoal Creek, a major interstate tributary of Spring River forms the southern boundary 
of the Spring River Basin in Missouri. Shoal Creek drains the northern part of the 
City of Neosho and southern part of the Joplin area. Both Neosho and Joplin utilize 
Shoal Creek for municipal water supply. 


Upper Spring River 


The Spring River rises from several springs near the town of Verona. Station S-l 
located upstream from Verona at the Highway P crossing had a variety of organisms 
which indicates good water quality. However, the absence of members of the Order 
Plecoptera and the snail, Goniobasis sp., cause some suspicion. The absence of 
stoneflies could be attributed to the high percent of gravel (80 to 90 percent) in 
the riffle. However, the absence of the snail, Goniobasis sp., at this station 
causes suspicion about the discharge of toxic materials from the fish hatchery at 
the head of the river. In the final analysis of Station S-l, the presence of 50 
types of life, of which 24 (48 percent) were clean-water types indicates good 
water quality (Table 6). The coefficients of similarity for Station S-1 also appear 
to be good (Table 7) but the population structure and high similarity with polluted 


stations raises some unanswered questions. 


Downstream from the town of Verona Station S-2 was affected by periodic discharges 
from an industrial complex located in Verona. The overall totals for Station S-2 
indicate good water quality by the presence of 49 types of life, and 24 clean-water 
types. However, this is misleading; during the winter collection, 21 types of life 
were found but only 4, or 19 percent were clean-water types. There was an unusual 
biological growth on the riffle bottom and the water appeared oily during the winter 
sampling period. During the fall collection, sewage fungus, Spaerotilus, sp., was 
observed in parts of the riffle. The summer and spring collection indicated the creek 
to be in good condition, at least part of the year. The coefficients of similarity 
for Station S-2 were lower for most stations indicating the polluted nature of the 


spring River at this station. The periodic problems and presence of the industrial 
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complex suggest that it will be desirable to check this station for improvement or 


degradation of the water quality. 


At Station $-3, about three miles downstream from Verona, the water quality as 
indicated by benthic macroinvertebrate samples was high. The total number of types, 
62 was considerably higher than the previous stations. The presence of 31, or 50 
percent clean water types and the balanced population throughout the year are indica- 
tive of the high water quality at Station $-3. The coefficients of similarity for 
Station S-3 when it was compared with other clean water stations were high. High 


similarity was noted between Station S-3, S-4, and S-5. 


Honey Creek is the first sizable tributary stream to enter the Upper Spring River. 
Honey Creek heads near the town of Marionville, flows north and west for about 15 
miles before entering the Spring River at Hoberg. The creek was sampled east of 

: Hoberg, upstream from a county road crossing. The gravel riffles harbored a sparce 
population of benthic organisms. The presence of only 3l types of organisms could 
create some suspicion, however, 18 or 58 percent were clean-water types eliminating 


most suspicion of pollution problems. The limited fauna of Honey Creek is most 



















likely due to the gravel substrate and size of this tributary stream. The coefficients 
of similarity calculated for Station Sh-l were all low with the exception of the 

values obtained when Sh-1 and S-1l were compared. These stations were similar in 
substrate but the benthic population at Station Sh-l varied from 8 types of life during 
the winter collection to 19 types of life collected during the fall collection. The 
water quality at Station Sh-l was generally good but the station did not harbor a 


diverse fauna. 


Williams Creek heads in a short dendritic watershed east of Mt. Vernon. The water 
quality of Williams Creek is poor as indicated by the presence of only 16 types of 
@quatic life, one of which (6 percent) was a clean-water type organism. The station, 
Sw-1, located about one mile downstream from Mt. Vernon was polluted by poorly 
)treated sewage and wastes from industries in Mt. Vernon. The rubble and gravel bottom 
was covered with dense growths of filamentous green algae and diatoms. Large numbers 
Of minnows were present in the pools near the sample site. All coefficients of 
Similarity calculated for station Sw-l with the exception of the comparison with S-l 


Were quite low, indicating poor water quality. 


ene Spring River at Station S-4 located about two miles north of Stotts City was of 
pelatively good quality. The presence of high numbers of pollution-tolerant organisms 


ech as Oligochaeta, Hirudinea, and Chironomidae indicates the impact the pollution 


86. 


of Williams Creek has on Spring River. On the positive side, Station S-4 harbored 

55 types of life, somewhat lower than Station S-3. Of the 55 types, 28 or 51 percent 
were clean-water types which indicates the water quality at Station S-4 to be good in 
spite of the problem in Williams Creek. Station S-4 had a high coefficient of 
similarity with Station S-l. This could be attributed to the presence of a slight 
pollutional effect from a fish hatchery and the high volume of spring flow at Station 
S-l1, and the impact of polluted flows from Williams Creek on Station S-4. Station 
S-5, about 5 miles upstream from Carthage, was located on the remains of a mill dan, 
a very stable, boulder, rubble, and gravel riffle. The substrate provided excellent 
habitat for 73 types of benthic life, the second highest number of types found in the 


Spring River Basin. Of the 73 types, 40 or 55 percent of those represented were 


members of clean-water groups. The large rubble harbored a great variety of Plecoptera 


(stoneflies) and Tricoptera (caddisflies), and large numbers of the hellgrammite, 
Corydalus cornutus. The coefficients of similarity calculated for Station 5-5 
indicated, as do other data, that Station S-3 was most similar to S-5. Both stations 
harbored more than 60 types of life and both were considered to be of high quality 


based upon benthos data, 


Lower Spring River 


The lower Spring River includes mainstem Stations S-6 through S-8 and two stations 
on the North Fork of Spring River, Snf-2 and Snf-3. The lower Spring River differs 
from the Elk, James, or upper Spring River. The lower Spring is a plains river; 


broader, more turbid and generally of a lower velocity of flow. 


Station S-6 located about two miles northwest of Carthage was affected by sewage and 
industrial wastes discharges. The Carthage sewage treatment plant and marble quarry 
located about two miles upstream were the apparent cause for the lower water quality. 
The benthic fauna at Station S-6 consisted of 45 types of life, of which, only 13 or 
29 percent were members of the clean-water groups. The turbid water discharged from 
the marble quarry and polishing operation caused a milky turbidity and undoubtedly 

contributed to the decline of the benthic population. The turbid condition is indi- 
cated by the unusually high numbers of mayflies of the family Caenidae (Caenis sp. 


and Tricorythodes sp.). The coefficients of similarity calculated for Station S-6 


were low when this station was compared with clean-water stations such as Station S-3. 


A significant reduction in the number of types of life, from Station S-5 (73 types) 
to 45, was also apparent. This reduction was followed by what appeared to be a 


gradual recovery downstream. 
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station S-/7 was located about 14 miles downstream from Carthage and just outside of 
the town of Galesburg. The water quality at Station 5-/ showed considerable improve- 
ment over that at Station S-6. Station S-/ harbored 50 types of benthic life, of 
which 21, or 42 percent were clean-water types. Coefficients of similarity calculated 
for Station S-/ was high when this station was compared with Stations 5-4, S-5, and 
s-6. Based upon the improved percentage of clean-water organisms and population 


diversity, Station S-/7 was considered to be of good water quality. 


The last station on the main stem of Spring River was located about one-half mile 
{inside Missouri and about two river miles downstream from Highway 1/1. Water quality 
at this station was quite good as indicated by the benthic organisms collected. The 
samples collected contained a total of 52 types of life, 23 (44 percent) of which were 
clean-water organisms. The Spring River at Station S-8 harbored a diverse benthos 
population including four types of mussels. Coefficients of similarity calculated for 
Station S-8 were generally low, The highest values were obtained in a comparison 

with Stations Ss-4 and Ss-10 (Shoal Creek), and Station S-7. Because of the fairly 
diverse benthos population, and similarity to clean-water stations on Shoal Creek, 


Station S-8 was considered to be of high water quality. 









North Fork Spring River 


hy 
"The North Fork of Spring River cannot be considered high quality water based upon 


° 


parameters used in this survey. At Station Snf-2, located 5 miles south of Lamar 

@t Highway 71, a total of 44 types of life were collected, of these only 14 or 32 

mencent were clean-water types. These low values would indicate a pollution problem 
anithe Elk, or James River Basins, but the North Fork of Spring River is a prairie stream. 
has a large watershed, mud banks, more turbid water and few good riffles. It is 

Mkely that the presence of sewage treatment facilities on the North Fork at Lamar, 


Bd Golden City also have some affect on the water quality. It is impossible at this 


=f 









mE to separate the environmental factors from possible pollution. 


Betton Snf-3 was located on a stable riffle which had an excellent substrate for 
ethic macroinvertebrates. The riffle was located on private property about three 
SS east of Asbury, near Georgia City. This station showed some improvement in 
ebenthic population over the previous station. Station Snf-3 harbored only 44 
of life, but 17, or 40 percent, were clean-water types. It is difficult to 
4 me if the improved percentage of clean water organisms is due to recovery 
mevestes entering North Fork above Station Snf-2 or the more favorable riffle 


Beate at Station Snf-3. The coefficients of similarity indicate the improved 
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situation at Station Snf-3 over Snf-2. Although the values were still low, the 


improvement ranged from about 10 to 15 units. 


Center Creek 

















Center Creek heads east of Sarcoxie, Missouri, and flows westerly to its conf lueng 
with Spring River just inside the Missouri state line. A gravel bottomec stream 
with low flow made up of spring water, the upper reach of Center Creek is of high 
quality. The lower reaches are characterized by moderately clear waters and reduc 
benthic populations due to the presence of known pollutants. Eight stations were 


located on Center Creek (Figure 4). 


Station Sc-l1, located 1/10 mile east of Sarcoxie on Business 44, had high water 
quality as indicated by the seasonal benthos samples. Of the 60 different types 
of benthic life identified, 30 (or 50 percent) were clean-water types. The coeffics 
of similarity (Table 8) was high when Station Sc-l was compared with other clean- 


water stations on Center Creek. 


Station Sc-2, located about 2 miles south of Reeds on Highway 37, was of high | 
quality as indicated by the benthic community. Although the riffle at Stations Sc-} 
and Sc-1 were quite similar in composition, the coefficient of similarity (52) ¥48 
not high. The greatest differences between the samples was the presence of 5 types 
of Plecoptera (stoneflies) at Station Sc-l and 9 at Station Sc-2, and the presence 
of 5 types of Odonata (dragon and damselflies) at Station Sc-1 and only 2 &t Station 
Sc-2. Station Sc-2 harbored 65 kinds of life, of which 35 (or 54 percent) were cea 
water types (Table 9). It is likely that the high percentages of spring weter and 
presence of large quantities of emergent vegetation at Station Sc-l1 have scrme pearing 
on the differences in the benthic communities of Sc-l and Sc-éd. 


| oot 
Station Sc-3, located 3 miles south and 2 miles west of Carthage, harbored the =0®' 


diverse benthic fauna found in the eight stations located on Center Creek. Alrrough 
the coefficient of similarity obtained from the comparison of Station Sc-3 and $¢-! 
was lower than expected, the similarity of Station Sc-3 and Sc-2 was quite high. The 
high water quality and favorable substrata at Station Sc-3 is best exemplified by cane 
fact that it harbored more types of clean-water life than any of the 24 statione if 
the Spring River basin, with the exception of Station S-5 which also harbored 4G clear 
water types. The total types of life, 81 collected from Station Sc-3 was the most 


collected from any station in Spring River. 
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station Sc-4, located about 2 miles east of Carterville on Highway HH, downstream 
from severely polluted Grove Creek, harbored a relic population. The pollution on 
crove Creek is from a large chemical manufacturing complex which discharged large 
amounts of ammonia (NH) and low pH water to Grove Creek. At Station Sc-4, only 19 
types of life were collected (Sc-3 had 81 types). Of the 19 types collected at 
Sc-4, several were suspected to have resulted from drift. This is particularly 
true of the 10 clean-water types, for in succeeding stations the number of clean-water 
types is reduced. At Sc-5 only 6 clean-water types were collected, and 4 at Sc-6. 
Another indication that some of the clean-water organisms collected from Station Sc-4 
were drift is the fact that four taxa were represented by one individual and two 
other taxa were represented by two individuals. This is far from a normal population. 
The coefficients of similarity for Station Sc-4 when compared with Stations Sc-l, 

: Sc-2, and Sc-3, were low. However, high similarity was obtained in the comparison of 


Station Sc-4 with other polluted stations. 


| From Grove Creek downstream, Stations Sc-4 through Sc-8, little change in the benthic 
| community was noted, Station Sc-5, located 2 miles north of Carterville harbored 
15 types of life, of which 6 were clean-water types. Station Sc-6, located ¥% mile 


' south of Oronogo, was not improved, it harbored 19 types of life, of which 4 were 
' clean-water types. 


One interesting observation made in the polluted zone of Center Creek was the presence 

ff the beetle (Coleoptera), Berosus sp. This organism, uncommon in general collections, 
was found in good numbers at Station Sc-4, and subsequent stations downstream. A 

f@arch of available literature did not yield an answer for the increased numbers, however, 


‘Eis probable that reduced predation, plus a good food supply, combined to rationalize 
heir presence. 


ration Sc-7, located downstream from Highway 171, about 2 miles north of Airport 

AME harbored a benthic community similar to that already discussed at Stations 

=) and Sc-6, The similarity of Station Sc-/7 to Sc-8 was quite high as indicated 
the coefficient of similarity. Station Sc-8 was located about one mile upstream 


eee the Missouri-Kansas state line. The pollution which enters Center Creek at 


Bec Creek plus water from abandoned zinc mines had a severe effect on the benthic 
senity at Station Sc-8. 
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Shoal Creek 






Shoal Creek, the southern most tributary of Spring River studied in this survey 
heads in Barry County near the towns of Exeter and Monett. Much of the low flow in 
Shoal Creek is spring water and the creek is utilized for municipal water supply 

by Neosho and Joplin. 


The general water quality of Shoal Creek was found to be high. Three of the collection 
sites established in a survey of Shoal and Turkey Creeks in 1957-1959 (Neal, 1961) 


were used for this survey. 


Station Ss-3, located downstream from the Highway 60 crossing, harbored 67 types of 
benthic life, of which 34 (or 52 percent) were clean-water types. The water quality 
of Station Ss-3 was quite high as indicated by the diverse benthic fauna and the high © 
coefficients of similarity obtained when it was cOmpared with other clean water stations 
in the basin. 


Station Ss-4, located near Ritchey downstream from Highway W crossing, harbored 
65 types of life, 32 of which were clean-water types. The water quality at Station 
Ss-4 was considered to be good. 


Station Ss-10 was located about 35 miles downstream from Station Ss-4, and about 

two miles west of the town of Shoal Creek. This station provided a check on Shoal 
Creek about three miles upstream from the Missouri-Kansas state line. Although 

Shoal Creek had increased in size and stability, the benthic fauna was composed of 

a similar number of taxa. Station Ss-10 harbored 61 types of life, of which 29 

were members of the clean-water groups. The coefficients of similarity for the 


comparison of Station Ss-10 with other clean-water stations was quite high. 


Turkey Creek 
Turkey Creek is a small interstate stream which heads several miles east of Joplin 
and flows westward through part of the city. Turkey Creek was sampled at one 
station (St-9), established during the 1958-1959 survey of Shoal and Turkey Creeks 
(Neal, 1961). The station, located at Highway P was about 3 miles downstream from 
the Joplin sewage treatment plant. As described by Branson, 1966, Turkey Creek is 
severely polluted. At Station St-9, only 9 types of life were collected in this 
survey, of these 3 were clean-water types. The 9 types of life is the fewest collected 


in the Spring River Basin. The coefficients of similarity for Turkey Creek are 
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extremely low when compared with clean-water streams in the Spring River Basin 


Turkey Creek is probably our most polluted interstate strean. 
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¢ 
Li 
| 





VL: PHYSICAL, CHEMICAL AND BACTERIAL QUALITY OF SURFACE WATERS IN THE 
JAMES, ELK, AND SPRING RIVER BASINS 





472i 


VI. PHYSICAL, CHEMICAL, AND BACTERIAL QUALITY OF SURFACE WATERS 
JAMES, ELK AND SPRING RIVER BASINS 


FACTORS INFLUENCING WATER QUALITY 


Many factors influence the water quality of streams. Natural as weil as man- 


made influences are involved. 


Rainfall influences water quality by its absorption of various gases as it falls 
through the atmosphere. Carbon dioxide is commonly associated with rainwater 


and further affects runoff as it produces certain chemical reactions in various 


rock and soil types. 


Land runoff greatly determines surface water quality as it is influenced by 
both man-made and natural factors. Some minerals are carried to streams in 
runoff from rocks and soils. In addition, the water quality may be altered by 
substances associated with disturbed land. Runoff from certain mined areas 
commonly contains a significant concentration of heavy metals and acid pro- 
ducing material. Various forms of nitrogen and other substances are added to 
runoff from decomposing organic matter of both plant and animal origin. Fertil- 
ized agricultural lands yield significant quantities of phosphates, nitrates, 
and numerous trace minerals. The most noticeable effect that runoff has on 
surface water quality is the turbidity that commonly results in most areas. 
Many substances are associated with the suspended and colloidal material in 


turbidity which may produce water quality changes. 


In areas with underground characteristics such as those of the land in the James, 
Elk, and Spring River Basins, groundwater may have considerable influence 

on the quality of surface waters. Surface waters intersecting the groundwater 
table or receiving spring discharges are affected in several ways. Depending 
Upon underground strata, various minerals and trace elements are dissolved. 
Groundwater properties of this nature commonly influence the specific conduc- 
fance, total hardness, silica, iron, and several other parameters. Temperature 
of the groundwater tends to remain constant and not to be altered by ambient 

air temperatures as are surface waters. Where groundwater contributes a large 
Portion of the total flow in a stream, the temperature of the stream will avoid 


€xtremes caused by summer and winter ambient air temperature variations. 


Geological characteristics of a watershed, as previously noted, partly determine 
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the quality of surface waters. Runoff, groundwater inflow, and geological 


characteristics are all interrelated as an influence on water quality. 


Reservoirs and lakes located in a watershed have a definite effect on water 
quality, The quality of the water in the impoundment, and the impoundment's 
discharge, may both be altered. The change of a free flowing stream to a 


quiescent body allows a change in biological habitat and is influenced differ- 





ently by certain physical elements, both of which are relative to water 
quality. The quality of the water discharged from an impoundment is determined 
substantially by the discharge level. The stratification of various physical 
and chemical components, which results from the stratification of water 
contained by the impoundment itself,is reflected in the discharge at various 


levels in impoundments. 


Available sunlight can affect water quality of a stream in some instances. In 
streams with a high degree of photosynthetic activity a variation in available 
light by shading and diurnal fluctuations can cause a significant change in 
several parameters. Most notable of these parameters is dissolved oxygen. 
Accompanying this change in dissolved oxygen,a change in pH and alkalinity 


is commonly observed. 


Water temperature is the primary physical factor which determines the amount 

of oxygen which can become dissolved and remain dissolved. Saturation of 
dissolved oxygen occurs at a considerably lower value in warm water. As 
previously mentioned the natural influences on water temperature are principally 
ambient air temperature and groundwater influence. Waste discharges may also 

be an influence on water temperature, especially when the receiving stream 


provides a small dilution ratio. 


Water turbulence created by a fast moving stream with numerous riffles can 

have an effect on water quality, particularly dissolved oxygen. In riffles 
with a steep gradient,a physical addition or depletion of oxygen may occur. 
This is dependent upon the oxygen saturation as it enters such a riffle. Aside 
from oxygen fluctuations by turbulence in a riffle, the oxygen levels may be 
increased by photosynthetic activity of attached algae which normally occupy 


riffle areas. 
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Man-made influences, most notable in the form of waste discharges, affect the 


quality of surface waters in numerous ways. 


The effects of industrial wastes represent a much broader spectrum of influences 
than those of most municipal wastes. Industrial wastes may significantly alter 
the chemical composition of streams or may only cause a small variation such as 
a change in the water temperature. Some wastes from industry are degradable by 
conventional treatment used for organic wastes, while others require a more 


sophisticated type of treatment. 


Domestic waste from municipal discharges affects surface waters in varying 
degrees depending on the type of treatment, the dilution by the receiving stream, 
and several other factors. The parameter most commonly increased is the coliform 
bacteria concentration. Other parameters which may increase with the addition 

of domestic wastewater are sodium and potassium, nitrates, nitrites, ammonia, 
chlorides, specific conductance, phosphates, and detergents. (See Table 

VI-2) Dissolved oxygen can be affected by the entrance of municipal waste 
discharges. This is dependent upon the degree of oxidation of the organic 


constituents contained in the waste. 


Manipulation of natural conditions in and near a stream can alter water quality, 
particularly by increasing turbidity. Construction in the area of the stream plus 
the removal and washing of gravel in or adjacent to a stream are common examples. 
Areas that have been surface or strip-mined in a watershed may also present a 


definite effect of this nature. 


Other influences much more subtle than the ones discussed are involved in the 
total aspect of surface water quality. These for the most part, however, are of 


minor significance. 


ORIGIN 


From mineral 
soils and rocks 


From the 
atmosphere 


From organic 
decomposition 


Living organisms 


TABLE VI - 1 SUBSTANCES OCCURRING IN NATURAL WATERS 


SUSPENDED 


Clay, sand, 
other inorganic 
soils 


Organic soil 
(top soil), 
organic wastes 


Fish, algae, 


| diatoms, and 


minute animals 


COLLOIDAL 


Vegetable color- 
ing matter or- 
ganic wastes. 


Viruses, fungi, 
bacteria, algae 
and diatoms 


NON-IONIZED SOLIDS 
AND DIPOLES 


Vegetable coloring | 


matter, organic 
wastes. 


POSITIVE 
IONS 


Cat+ 

Mg++ 

Nat 

K+ 

Fe++ 

Mn++ 

Z20++ 

Other trace 
metals 


Nat 
NH 4+ 
H+ 
K+ 


| Trace metals 


NEGATIVE 
IONS 





TABLE VI - 2 
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SOURCE AND SIGNIFICANCE OF DISSOLVED MINERAL CONSTITUENTS AND PROPERTIES OF WATER 


Constituent or property Source or cause 


Silica (Si05) 


Iron (Fe) 























Manganese (Mn) 


Calcium (Ca) and 
Magnesium (Mg) 


Dissolved from practically 
all rocks and soils, common- 
ly less than 30 ppm. High 
concentrations, as much as 
100 ppm, generally occur in 
highly alkaline waters. 


Dissolved from practically 
all rocks and soils. May 
also be derived from iron 
pipes, pumps, and other 
equipment. More than 1 or 
2 ppm of soluble iron in 
surface waters generally 
indicates acid wastes from 
mine drainage or other 
sources. 


Dissolved from some rocks 
and soils. Not so common 
as iron. Large quantities 
often associated with high 


iron content and acid waters. 


Dissolved from practically 
all rocks and soils, but 
especially from limestone, 
dolomite, and gypsum. Cal- 
cium and magnesium are found 
in large quantities in some 
brines. Magnesium is pres- 
ent in large quantities in 


Significance 


Forms hard scale in pipes 
and boilers. Carried over 
in steam of high pressure 
boilers to form deposits 
on blades of turbines. 
Inhibits deterioration of 
zeolite-type water soften- 
ers. It is required for 
the growth of sponges 

and diatoms. 


On exposure to air, iron 
in groundwater oxidizes to 
reddish-brown precipitate. 
More than about 0.3 ppm 
stains laundry and uten- 
sils reddish-brown. 
Objectionable for food pro- 
cessing, textile process- 
ing, beverages, ice 
manufacture, brewing, and 
other processes. USPHS 
(1962) drinking water stan- 
dards state that iron 
should not exceed 0.3 ppm. 
Larger quantities cause 
unpleasant taste and 

favor growth of iron bac- 
teria. It lessens the 
aesthetic value where pre- 
cipitates forn. 


Same objectionable features 
as iron. USPHS (1962) 
drinking water standards 
state that manganese should 
not exceed 0.05 ppm. 

Causes dark brown or black 
stain. 


Causes most of the hard- 
ness and scale-forming 
properties of water; soap 
consuming (see Hardness). 
Waters low in calcium and 
magnesium desired in 
electroplating, tanning, 
dyeing, and in textile 


sea water. Contained in some manufacturing. 


industrial wastes. 





Sodium (Na) and 
Potassium (K) 


Nitrogen, organic 
and Ammonia (N) 


Bicarbonate (HCO,) and 
Carbonate (CO.) 


Sulfate (SO,) 


Chloride (C1) 


Dissolved from practically 
all rocks and soils. Found 
also in ancient brines, séa 
water, industrial wastes 
and sewage. Contained in 
some mine water. 


Sewage, decaying organic 
matter, legume plants, and 
ammonia fertilizers. Some 


industrial waste discharges. 


Action of carbon dioxide in 
water on carbonate rocks 
such as limestone and dolo- 
mite, Concentrations in 
water affected by photo- 
synthetic activity of 
algae. 


Dissolved from rocks and 
soils containing gypsum, 
iron sulfides, and other 
sulfer compounds. Commonly 
present in mine waters and 


municipal wastes and in some 


industrial wastes. 


Dissolved from rocks and 
soils. Present in sewage 
and found in large amounts 


in ancient brines, sea water 


and industrial wastes. In 
some groundwater. 
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Large amounts, in com- 
bination with chloride, 
give a salty taste. Moder- 
ate quantities have little 
effect on the usefulness 

of water for most purposes, 
sodium salts may cause 
foaming in steam boilers 
and a high sodium content 
may limit the use of 

water for irrigation. 





Concentration much greater 
than the local average, 

may suggest pollution. NH, 
is toxic to aquatic organ- 
isms at low concentrations 
with high pH values. 


Bicarbonate and carbonate 
produce alkalinity. Bi- 
carbonates of calcium and 
magnesium decompose in 
steam boilers and hot water 
facilities to form scale 
and release corrosive car- 
bon dioxide gas. In conm- 
bination with calcium and 
Magnesium they cause car- 
bonate hardness. Used 

as a CO, source by algae 

in photosynthesis when free 
CO5 is exhausted, 


Sulfate in water contain- 

ing calcium forms hard 

scale in steam boilers. 

High concentrations of sulfate 
in combination with other 

ions gives a bitter taste 

to water. Some calcium 
sulfate is considered bene- 
ficial in the brewing process. 
USPHS (1962) drinking water 
standards recommend that the 
sulfate content should not 
exceed 250 ppm. Combines 
with Ca and Mg to form 
permanent hardness. 


Large amounts in combina- 
tion with sodium give a 
salty taste to water. In 
large quantities increases 
the corrosiveness of water. 
USPHS (1962) drinking 


Chloride (Cl) cont. 


Fluoride (F) 























Nitrite (NO,) 


Nitrate (NO3) 


Dissolved in small to minute 
quantities from most rocks 
and soils. Added to many 
waters by fluoridation of 
municipal supplies. By- 
product from phosphate 
fertilizer industry. Also 
From phosphate fertilizer in 
land runoff. Mining waste 
discharges often contain 
fluoride in association 

with apatite ore. 


Generally formed by bacterial 
action from organic and am- 
monia nitrogen. 


Decaying organic matter, le- 
gume plants, sewage, nitrate 
Fertilizers, and nitrates in 
soils, Some industrial 
waste discharges. 
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water standards recommend 
that the chloride content 
not exceed 250 ppm. 


Fluoride in drinking water 
reduces the incidence of 
tooth decay when the water 
is consumed during the per- 
iod of enamel calcification. 
However, it may cause mot- 
tling of the teeth depend- 
ing on the concentration 

of fluoride, the age of the 
child, the amount of water 
consumed, and the susceptibil-— 
ity of the individual. The 
maximum concentration of 
fluoride recommended by the 
USPHS (1962) varies with 
the annual average of max- 
imum daily air temperatures 
and ranges downward from 
1.7 ppm for an average maximum 
daily temperature of 50.0 de- 
grees F to 0.8 ppm for an 
average maximum daily temper- 
ature of 90.5 degrees F. 
Optimum concentrations for 
these ranges are from 1.2 

to 0./ ppm. 


Nitrites quickly oxidize to 
nitrates and therefore are 
seldom present in surface 
waters in significant con- 
centrations. Their presence 
often indicates pollution. 


Concentration much greater 
than the local average may 
suggest pollution. USPHS 
(1962) drinking water stan- 
dards suggest a limit of 45 
ppm. Waters of high nitrate 
content have been reported 

to be the cause of methemo- 
globinemia (an often fatal 
disease in infants) and 
therefore should not be used 
in infant feeding. Nitrate 
has been shown to be help- 
ful in reducing the inter- 
erystalline cracking of boil- 
er steel. It encourages the 
growth of algae and other or- 
ganisms which may cause odor 


Nitrate (NO,)cont. 


Phosphates (PQ,) 


Detergents (ABS) 


Dissolved solids 


Hardness as CaCo, 


Dissolved from many rocks and 
soils. The orthophosphate 
form is the only form derived 
from natural sources. Ortho- 
phosphate and other forms 

come from fertilizers, deter- 
gents, domestic and industrial 
wastes. Phosphate is used in 
some water treatment plants 
for softening. 


Chiefly from sewage. The ac- 
tive ingredient in most anionic 
synthetic detergents is the 
group of alkyl benzene 
sulfonates, generally termed 
ABS. ABS resists bacterial 
degradation and therefore 
persistsin sewage and streams 
without appreciable decom- 
position from either treat- 
ment processes or natural 
purification. 


Chiefly mineral constituents 
dissolved from rocks and 
soils, 


In most waters nearly all the 
hardness is due to calcium and 
magnesium. All of the metal- 
lic cations other than the 
alkali metals also cause hard- 
ness, 
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problems in water supplies 
and reduce the aesthetic 
value of streams and reser- 
VOLTS. 


Concentrations generally 
found in water are not toxic 
to man, animals or fish. 
Phosphates stimulate the 
growth of algae which may 
cause odor problems in water 
supplies and reduce the 
aesthetic value of streams 
and reservoirs. 


Produces foaming, turbidity, 
taste and odor problems. May 
interfere with coagulation and 
floc formation in municipal 
treatment plants. USPHS (1962) 
drinking water standards suggest 
a limit of 0.5 ppm, based more 
on undesirable taste and foaming 
than on toxicological consider- 
ation. 





USPHS (1962) drinking water 
standards recommend that the 
dissolved solids should not 
exceed 500 ppm. However, 
1,000 ppm is permitted under 
certain circumstances. Waters 
containing more than 1,000 

ppm of dissolved solids 

are unsuitable for many 
purposes. 


Consumes soap before a lather 
will form. Deposits soap curd 
on bathtubs. Hard water forms 
scale in boilers, water heaters 
and pipes. Hardness equivalent 
to the bicarbonate and carbonate 
is called carbonate hardness. 

Any hardness in excess of this 

is called non-carbonate hardness. 
Waters of hardness up to 60 ppm 
are considered soft; 61 to 120 
ppm, moderately hard; 121 to 

180 ppm, hard; more than 180 ppm, 
very hard, 


Specific conductance 
(Micromhos at 25 de- 
grees Cc) 


Hydrogen ion con- 
centration (pH) 


| Color 


Turbidity 


Mineral content of the 
water. Free hydrogen 
or hydroxyl ions in 
water. 


Acids, acid-generating 

salts and free carbon dioxide 
lower the pH. Carbonates, 
bicarbonates, hydroxides, 
phoxphates, silicates, and 
borates raise the pH. Algal 
productivity can have a 
Significant effect on pH in 
streams and reservoirs. 


Yellow-to-brown color of 

some waters usually is caused 
by organic matter extracted 
from leaves, roots, and 

other organic substances. 
Color in water also results 
from industrial wastes, 
sewage and dissolved min- 
erals. 


Attributable to suspended 
and colloidal matter which 
disturbs clearness and dim- 
inishes the penetration of 
light. The suspended mat- 
ter may contain silica, 
zinc, iron and manganese 
compounds, clay or silt, 
sawdust, fibers or other 
material. These materials 
May enter the water as a 
result of natural processes 
such as erosion or as a 


result of the addition of 
domestic sewage or industrial 
wastes and mining operations. 
Planktonic algae can cause 
turbidity. 


100, 


Indicates degree of minera]~ 
ization. Specific conduc- 
tance is a measure of the 
capacity of the water to con- 
duct an electric current. [ft 
varies with the concentration 
and degree of ionization and 
temperature. 


A pH of 7.0 indicates neu- 
trality of a solution. Val- 
ues higher than 7.0 denote 
increasing alkalinity; values 
lower than 7.0 denote increas-— 
ing acidity. pH is a measure 
of the activity of hydrogen 
ions. Corrosiveness of water 
generally increases with de- 
creasing pH. However, exces- 
sively alkaline waters may also 
attack metals. Toxicity of NH3 
to aquatic life is largely 
dependent of pH. Affects sol- 
ubility of metals. 


Water for domestic and some 
industrial uses should be 
free from perceptible color. 
Color in water is objection- 
able in food and beverage 
processing and many manu- 
facturing processes. It is 
also objectionable astheti- 
cally and can have effects on 
biological productivity. 


The 1962 USPHS drinking water 
standards specify that tur- 
bidity shall not exceed 5 
units. Turbidity is undesir-—- 
able in waters for laundries, 
ice making, bottled beverages, 
textiles, steam boilers and 
turbine operations and other 
industrial processes. It 

is objectionable in streams and 
lakes asthetically and can 
Cause reduction in the produc- 
tivity of streams and lakes. 





Temperature 


Climatic conditions, use of 
water as a cooling agent, 
municipal and industrial 
wastes. Spring and ground- 
water influence, reservoir 
discharges and mine pumpage. 


Dissolved Oxygen (D.0.) Introduced from the at- 


Heavy Metals 


mosphere and through photo- 
synthetic activity by algae. 
Reduced by biological res- 
piration and waste discharges 
containing reducing agents. 


Leached from soils in trace 
amounts. They are found in 
waste discharges from indus- 
tries such as metal plating 
plants, oil industries, 
mining and related industry. 
Municipal waste effluents 
often contain significant 
concentrations. 
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Affects usefulness of water 
for many purposes. Most 
users desire water of uni- 
formly low temperature. 
Seasonal fluctuations in 
température of surface 
waters are comparatively 
large depending on the vol- 
ume of water, Shallow wells 
show some seasonal fluc- 
tuations in water tempera-— 
ture, which is near the mean 
annual air temperature of the 
area. In deep wells the 
water temperature generally 
increases 1 degree F for 
each 60 to 80 feet of depth, 
Temperature affects the 
biota of a stream or lake, 
Permanent changes such as 
discharge from a deep reser- 
voir can change a stream from 
a warm water fishery to a 
cold water fishery. A rapid 
change can cause fish kills, 


Required for the maintenance 
of aerobic conditions in a 
stream or lake. It is 
necessary that about 5 mg/1 
be present for a healthy 
fishery to exist. Satura- 
tion point is dependent upon 
water temperature and 
pressure. 


Many heavy metals must be 
limited for safe water 
supplies. They are toxic 

in very low concentrations 

to the aquatic environment, 
They are necessary in trace 
amounts for living organisms. 
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METHOD OF STUDY 


Due to the variation in size of the basins and tributaries within the study 


area and also to the variation in characteristics of each, the study area 


was divided as follows: 


Ll. James River and its tributaries 

2. Elk River and its tributaries plus Honey Creek and Lost Creek (Missouri 
portion) 

Spring River and its tributaries (Missouri portion) 

Turkey Creek and Shoal Creek (Missouri portion) 

. Center Creek (Missouri portion) 


Ln ft lo 


OBSERVATIONS AND ANALYSES IN THE JAMES RIVER BASIN 


Physical Features 





















Streamflow in the upper James River Basin is of a very complicated nature. 

The area in and around Springfield has many sinkhole areas and several major 

and minor springs. Studies have shown Wilson Creek to have a complex network 

of gaining and losing water flows. Sinks near and downstream from the Springfield 
sewage treatment plant have been shown to be connected, in part, to Rader 

Spring, several miles downstream from the treatment plant. Extreme flow fluc- 
tuations occur in Wilson Creek during low flow periods. During the summer 
sampling period at Jw-l nearly all of the flow had gone underground. This 
included principally the 10-20 cfs discharge from the sewage treatment plant. It 
should be noted that during low flow periods the sewage treatment plant discharge 
| provides practically all the flow in Wilson Creek. Under such conditions Wilson 


Creek provides greater than half of the flow in the James River below their 
confluence, 


Surface water flows in.the other tributaries of the James River Basin are main- 
tained by groundwater inflow during seasonal dry periods. Several springs of 


Significant size are located in each of these tributaries. 


Water Cemperature is affected by groundwater in the tributaries of the James 
River Basin to varying degrees. The extremes of water temperature as caused 
by ambient air temperature were avoided in areas near spring or groundwater inflow. 


Btbidity in the James River Basin, as caused by stormwater, is of short duration. 
Bi Streams in the area rise and fall quickly during and after heavy rainfall, 
pe The Colloidal material which enters during runoff does not persist to 

e ©Xtent. Turbidity from causes other than land runoff were basically 
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confined to Wilson Creek where effluent from the Springfield Southwest Sewage 
Treatment Plant accounts for most of the flow during normal flow periods. 
Color shows a relationship similar to turbidity during normal stream flows. 
The only color of major significance was noted in Wilson Creek at stations 


Jw-1 and Jw-2. Color from Wilson Creek was reflected at J-5 in the James River. 


The specific conductance of unaffected waters in the James River Basin is 
generally 250-300 micromhos. This concentration is due largely to minerals 
contained in groundwater and those which are dissolved from rocks and soils 
from and along the stream bed. The relatively high conductance found in Wilson 
Creek below the Springfield Southwest Sewage Treatment Plant is found to affect 
the conductance at James River stations below the Wilson Creek confluence. J-8, 
the furthest downstream station, normally had conductance readings averaging 

350 micromhos. The high conductance found at these stations was chiefly from 
chlorides and sulfates found in the sewage treatment plant discharge from 
Wilson Creek. 


Water Chemistry 


Dissolved oxygen concentrations in the James River Basin were most notably 
affected in Wilson and Finley Creeks which receive significant waste loads. 
Depletion of oxygen occurred during low flow periods in the summer and fall 
sampling surveys. The volume of wastes entering Wilson Creek from the 
Southwest Sewage Treatment Plant at Springfield was too large to be assimilated. 
The problem was compounded by a portion of the discharge from the plant going 
underground near the discharge point and resurfacing, in part, at Rader Spring. 
No photosynthetic activity was present during the underground period to main- 
tain oxygen levels required in the organic oxidation process. Consequently, 
the discharge from Rader Spring was commonly found to be septic or nearly so. 
Since the time of the survey, the point of discharge from the sewage treatment 
plant at Springfield has been changed to below this losing section thus 


improving the water quality of Rader Spring. 


During low flow periods in the James River Basin, Wilson Creek has a much 
larger flow than does the James River mainstem above their confluence. At 
such times, the oxygen below their confluence is depressed for a considerable 


distance downstream. 
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During the survey, the dissolved oxygen in a section of Finley Creek was 
depressed by an inadequately treated waste discharge from a cheese processing 
plant in Ozark, Missouri. Proper facilities are now in operation, and the 


oxygen problem has been resolved. 


The pH of all the sampling stations in the James River Basin was influenced 
by photosynthetic activity. No highly alkaline or acidic wastes were routinely 
discharged which would affect the pH. Certain waste discharges did, however, 


ultimately affect the pH in that the rate of photosynthetic activity was 
affected. 


This was noted in Wilson Creek where the pH did not reach 8.0 during any sampling 
period. The amount of wastes in the creek were at a level where the oxygen 
demand could not be met and more C09 was produced than could be used. Thus 
bicarbonates were not used as a CO» source which would have raised the pH above 
8.0. As these wastes were diluted and lessened as at stations J-/ and J-8, the 
heavy growth of algae which had become established required large quantities of 
CO, from the organic oxidation process. After the free CO5 became exhausted, 

the bicarbonates were used as a further CO9 source. As a result, the pH at 


these stations was commonly above 8.0. 


This phenomenon occurred in streams similarly influenced by organic wastes, the 
concentration of organic material being an important regulating factor. Finley 


Creek, which received cheese processing wastes showed pH variations of a similar 
nature during the survey. 


‘The hardness of the water in the James River Basin is influenced greatly by 
groundwater. The relative calcium and magnesium concentrations are very 
Similar to those encountered in groundwater supplies within the basin. Waste 
discharges are not believed to significantly vary the total hardness of the 


James River and its tributaries. 


The concentration of the various forms of nitrogen in Wilson Creek was found 
to be affected by the waste discharge from Springfield. Ammonia was found in 
high Concentrations at Jw-l and Jw-2, as well as in the Rader Spring discharge. 


© downstream stations on the James River, the nitrogen was more commonly found 
= the form of nitrates. 
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A large concentration of phosphates enter Wilson Creek from the Springfield 
treatment plant discharge. During low flow periods in Wilson Creek, values as 
high as 29 mg/l were observed. This remained in significant quantities down- 
stream in the James River and is partly responsible for heavy algal growths 
noted at various times. Phosphates were not found in significant quantities 


elsewhere in the basin. 


Detergents were found only in Wilson Creek at Jw-l, Jw-2, and in Rader Spring. 


The parameters of iron and manganese were not found in abnormal quantities. 


Normally these are associated with waters high in acidity, 


Sulfates were observed in higher than normal concentrations in Wilson Creek. 
Additions from the various components of the domestic and industrial wastes of 
the Springfield sewage treatment plant discharge are thought to be the primary 


source of these sulfates. 


The parameters of sodium and potassium were noted in high concentrations in 

all Wilson Creek stations and in significant concentrations at the James River 
stations downstream from Wilson Creek. Chlorides, which were associated with 
sodium and potassium were present in similar proportions. A high concentration 
of sodium, potassium, and chlorides was found during the 1964 summer survey at 
J-4 upstream from the Wilson Creek confluence and not at J-3, which was several 


miles further upstream. The source of these concentrations was not found. 


Fluorides were not consistently high at any station. Occasional concentrations 
of 1.0 — 2.0 mg/l, presumably associated with the waste discharge from Springfield, 


were found in Wilson Creek. 





Bacterial Quality 


In all cases in the James River and its tributaries, the bacteria were chiefly 
of human origin. Where a significant number of bacteria was present, the ratio 
of coliform to fecal streptococcus organisms was greater than one, which would 


generally indicate human wastes. 


The major contribution of bacteria in the basin was the discharge from the 


Springfield Southwest Sewage Treatment Plant entering Wilson Creek. High 
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concentration stemming from this source extend downstream into the James 
River at J-5. Although the major portion of these organisms had died off 


at this point, enough remained to indicate the definite presence of human wastes. 


Pearson Creek and Sequiota Creek in the headwater areas of the James River had 


concentrations of coliform bacteria several times higher than could be 


expected from natural sources. Septic tank drainage from this moderately pop- 


ulated, unsewered area, is the suspected source. 


Waste discharges to Finley Creek near Ozark were the source of significant 


bacteria counts during several surveys. Municipal waste discharges from the 


City of Ozark and a waste discharge from a cheese processing plant provided a 


source and sustenance for these organisms. 


During one low flow season, a slight increase in coliform numbers was evidenced 


in Flat Creek below the City of Cassville. This increase, although showing 


evidence of human waste influence, was relatively slight. 


During the survey, the City of Galena had a raw sewage discharge to the James 


River between stations J-7 and J-8. A large dilution factor was present, and 


no significant increase in numbers occurred between these two stations. 


No significant livestock populations were noted in the basin to influence 


bacteria concentrations. The only time animal wastes were an influence on 


bacterial water quality was during high stream flows. 


OBSERVATIONS AND ANALYSES IN THE ELK RIVER AND 
ITS TRIBUTARIES PLUS HONEY AND LOST CREEKS 


Physical Features 


Data collected during the survey show little variation in water quality from 


Station to station in the Elk River Basin. The physical parameters generally 


Show water quality as affected by the natural elements only, such as dissolved 
minerals, turbidity from runoff, etc. 


Groundwater influence prevents extreme surface water temperature variation 


throughout the seasons in some stream stretches. Although there are no major 


Springs in the Elk River Basin, considerable groundwater entrance exists to 
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maintain flows during prolonged dry weather conditions. 


Specific conductance of the surface waters under natural conditions ranged 
between 200 and 250 micromhos. Little or no variation of this range was found 


at any of the sampling stations in the Elk River Basin. 


Turbidity and color analyses were consistent in that no abnormalities appeared 
at any station. Significant turbidity was noted only during high water con- 
ditions, and color readings were within ranges normally recorded during oxidation 


of organic material associated with leaves, roots, etc. 


Water Chemistry 


No significant variation in the chemical parameters measured were observed at 
any of the sampling stations in the Elk River Basin and its tributaries. For 
the slight variations which did occur, it would be difficult to determine the 
causative agent. Although several significant waste discharges existed during 
the survey, the dilution ratio created by the receiving waters greatly dimin- 


ished any noticeable effect. 


Since the time the Stream Survey was conducted, changes have occurred in wastes 
discharged to the Elk River Basin, primarily an increase in volume. It is 
possible that these discharges are now creating a noticeable effect on water 


quality at the stations sampled during the survey. 


Bacterial Quality 

Concentrations of coliform and fecal streptococcus bacteria were low at all 
stations in this study area with little exception. At only one point did 
either type of bacteria exceed 200/100 ml. This was at Ei-2, on Indian Creek, 


which received the wastes from the City of Anderson along with some industrial 





wastes. Coliform bacteria there were found at a concentration of 800/100 ml. 


during the summer survey. 


Although the Elk River Basin receives waste discharges from several sources, 
some of which contain significant numbers of bacteria, the large dilution factor 
produced by the receiving streams created low numbers of bacteria at most sampling 


stations. 


—————————————— 
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OBSERVATIONS AND ANALYSES IN THE SPRING RIVER 
AND ITS TRIBUTARIES 


Physical Features 


Two individual types of streams are involved in this study area, The mainstem 
of the Spring River which heads in the vicinity of Aurora is characteristically 
an Ozark stream while the North Fork of the Spring River is a prairie stream. 


These differences are reflected in the various physical parameters measured 


during the survey. 


Stream flows in the North Fork are not sustained by groundwater inflow during 
the dry seasons, The North Fork is commonly found to have no flow at some 
i | period during the year above Lamar. The flow below Lamar during such periods 


is sustained only by the City's treatment facility discharge. 






















Water temperature varies between the mainstem and the North Fork. Water in the 
North Fork commonly freezes in the winter and approaches ambient air temperatures 
in the summer. Headwaters of the mainstem avoid these extremes due to the 
groundwater influence. Springs in the area of Aurora and Mount Vernon have 


substantial discharges which influence surface water temperatures. 


The specific conductance under natural conditions is affected by groundwater and 
runoff. In prairie streams, such as the North Fork, the conductance typically 
Was in the range of 150-200 micromhos. These relatively low values show the 
lack of groundwater contribution to surface water flows. The influence of the 
lagoon discharge at Lamar adds to this value, however, especially during low 

flow periods. The specific conductance of the mainstem is somewhat higher, due 


primarily to the dissolved minerals contained in the groundwater which it receives. 


Turbidity and color are generally greater in the North Fork. The suspended 

Clay particles are persistent for a considerable amount of time following the 
entrance of runoff from heavy rains. Also during low flow periods, planktonic 
algae contained in the Lamar lagoon discharge were found to increase the turbidity. 
Colloidal material is precipitated rapidly in the headwaters of the mainstem, 


4nd the inflow of clear groundwater further assures little turbidity and color. 


ete discharges which increased the turbidity in the Spring River mainstem 


Mcluded those from two marble cutting operations and a municipal water works. 
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Approximately three stream miles below Carthage were affected by these turbid 
discharges. Settling basins and proper disposal facilities have since been 


installed by these concerns. 


Water Chemistry 
Dissolved oxygen was most notably affected in Williams Creek below the City of 


Mount Vernon and in the North Fork of the Spring River below the City of Lamar. 
During low flow periods at these points,treated municipal wastes contribute 
nearly 100% of the total streamflow. The organic material remaining in these 
discharges depress the oxygen levels significantly as shown in Appendix D. 


In most cases,pH and alkalinity were influenced chiefly by varying photosynthetic 
activity. The pH normally ranged from 7.0 - 8.5 with total alkalinity values 
near 150 mg/l. The one exception to this occurred in the North Fork of the 
Spring River,where water quality was influenced by an area of coal mining and 

its associated runoff. Runoff from this area was thought to lower the alkalinity 


and pH values during high flow periods. 


Total hardness is generally in the range of 130-150 mg/l in this study area. 
Runoff low in dissolved minerals in the North Fork accounts for the lower total 


hardness values recorded there. 


The various forms of nitrogen were fairly consistent throughout this study area. 
Nitrates were recorded at 2.0 mg/l or slightly more in the extreme upper end of 
the Spring River at stations S-l, S-2, 5-3. This slight increase may have 

been attributable to nitrates contained in waste discharges emanating in that 
area, since streamflows during dry weather were composed mostly of waste dis- 


charges. 


The highest concentration of iron was recorded at Snf-3 during high flows. 





This would further lend to the idea of water quality influence from the coal 


bearing strata in that area. 


Sulfates were also found to be the highest in the North Fork drainage area. 
This also may be attributed, at least in part, by slightly acid runoff waters 


from this area. 
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No appreciable differences in sodium, potassium, and chloride were observed 


among any of the streams in this study area. 


Bacterial Quality 


In the headwaters of the Spring River, an increase in coliform numbers occurred 
at S-3 during the winter and spring surveys. These were the only seasons in 


which any flow entered the Spring River above S-3 from the small stream receiving 


the treated wastes from the City of Aurora. 


Fairly large counts were noted in Williams Creek during the survey. This is 
from the waste discharge from the City of Mt. Vernon, which provides most or all 
of the total stream flow in Williams Creek during low flow periods. These 


counts dwindled quickly upon entering the Spring River, as concentrations were 
normal at S-4, 


Counts were increased considerably at station S-6 by the Carthage sewage treat- 
ment plant discharge, Coliform counts reached 27,000/100 ml. during the survey 
and fecal streptococcus counts exceeded 1000/1000 ml. during one season. These 


counts were reduced downstream at S-7 to only a slight concentration. 


Bacteria of numerical significance in the North Fork of the Spring River were 
found only during high stream flows, which would indicate the source to be 


chiefly from animal wastes contained in runoff. 


OBSERVATIONS AND ANALYSES IN CENTER CREEK 


Physical Features 

The flow in Center Creek is well sustained by groundwater along its course. 
Clarkson Spring, located in the Center Creek headwaters in Lawrence County, 
represents the largest spring discharge to the system. The only major waste 
discharge which influences the flow in Center Creek is the discharge from the 
_ Grove Creek industrial complex. The flow from this complex may contribute 


53-10% of the total flow in Center Creek during some periods. 


Water temperatures in Center Creek are influenced by seasonal climatic conditions 
Bnd groundwater. The temperature in the upper reaches in particular is stabiliz- 


©d somewhat throughout the year by groundwater entrance. Waste discharges are 


~°t believed to affect the water temperature in Center Creek. 
















specific conductance in Center Creek is influenced by three major Sources, Yow 
natural conditions groundwater maintains the specific conductance at approximate 
ly 250 micromhos. This reading is common in the upper regions of Center Creek? 
As Grove Creek enters Center Creek it carries acidic wastes and some dissolved 
minerals at times which substantially increase the specific conductance. These 
particular wastes are discharged from industries located along Grove Creek, : 
As Center Creek progresses from Sc-4, just below the Center-Grove Creek conflyent 
to Sc-8, near its mouth, the specific conductance increases. This has been 7 
shown to result from the seepage of mine water containing a high mineral content 


into Center Creek at various points between these two stations, 


With the exception of periods immediately following heavy runoff, turbidity in’ 
Center Creek is very slicht. Turbidity was found to be affected slightly by ; 
waste discharges in two instances. A gravel washing operation in the Carter- 
ville—-Webb City area with inadequate settling facilities was found to cause a 
small increase during the survey. The turbidity below the entrance of Grove 
Creek into Center Creek was found to decrease at times. This was due to 


flocculating agents in the waste discharge from an industry along Grove Creek. 


Water Chemistry 


The chemical parameters in Center Creek were probably more affected by waste 
discharges than any other study area in the Spring River Basin with the possible 


exception of Turkey Creek. 


The dissolved oxygen, pH, and alkalinity were altered below the Center-Grove 
Creek confluence. Significant concentrations of ammonia in industrial wastes 
discharged to Grove Creek were expected to cause the oxygen depression as it 
was oxidized in Center Creek. As the discharge to Grove Creek was low in pH, 


the pH and alkalinity in Center Creek were reduced. 


The total hardness of the water in Center Creek was increased below Grove Creek 
initially by waste discharges of the industrial complex and then from mine 
water seepage into Center Creek further downstream from the Grove Creek - Center 


Creek confluence. 


The high concentrations of ammonia, nitrates, and nitrites at Sc-4 and points 
below resulted from large amounts of ammonia discharged to Grove Creek from the 


industrial complex. 
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Phosphates were also increased at these points, as one of the industries in the 


complex was a producer of phosphate fertilizers. 
Detergent concentrations were insignificant at all sample points in Center Creek. 


At no point in the Stream Survey were the parameters of iron and manganese found 
in excess of 1.0 mg/l in Center Creek. Although the pH in Grove Creek was 


quite low, no available source of these metals was present to be taken into 
solution. 


Data on zinc concentrations, while not included in the tabulation of data in 
Appendix D, has been obtained on various surveys of Center Creek. Significant 
concentrations of zinc begin to appear in Center Creek below the confluence of 
Grove Creek. This initial occurrence may be attributed to cooling water dis- 
charges from industries along Grove Creek who use mine water for this purpose. 
Further concentrations of zinc at downstream Center Creek stations have been 
shown to stem from groundwater seepage from old mines and mining areas plus 


cooling and wash water form several industries using mine water for these purposes. 


Sulfates were found abundant at Sc-4 and then increased after that point. The 
initial concentration found at Sc-4 was contributed by industrial activity along 
Grove Creek. A portion of the sulfates contributed by industry at this point 

is found in the cooling water used which is taken from abandoned mines in that 
area, Additions to the sulfate concentrations below Sc-4 were made by ground- 


Water seepage from old zinc mining areas. 


Silica and fluorides were found at highest levels below the Grove Creek confluence 
in Center Creek. The ore which was processed by an industry along Grove Creek 

_ contained a considerable amount of fluorides. The action of acids on this ore 
during the process dissolved the fluorides, creating a solution capable of 


»T©&moving silica from rocks in the watercourse which would not be affected other- 
Wise, 


A Slight increase in sodium and chloride was noted in Center Creek below Grove 


Creek, This may have been contributed by a treated domestic waste discharge 


sing the industrial complex or possibly from some phase of production within 
= industries. 
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Several small municipalities discharged to Center Creek near the most downstream 
stations. Only slight alterations, if any, in the chemical quality were observed 


to have been caused by these discharges. 


The chemical characteristics of Center Creek above the Grove Creek confluence 


were typical of streams in the area receiving base flow from groundwater sources. 


Bacterial Quality 


Coliform and fecal streptococcus counts were moderate to low at all stations in 


Center Creek. The major discharges entering Center Creek were from industries 


and typically contained a very small amount of bacteria. 


The City of Sarcoxie may have influenced samples at Sc-2 and Sc-3. However, 
most of the organisms found were believed to originate from swimming activities 
in the summer months. Counts at these stations were quite low during the other 


S€asons. 


Carterville, which discharged raw sewage to a small tributary of Center Creek, 
showed no real effect on the bacterial water quality of Center Creek. Other 
cities in this area discharged treated wastes to Center Creek with little 
noticeable effect. This apparent limitation of bacteria numbers is thought to 


be caused, at least in part, by heavy metal concentrations in Center Creek at 


these points. 


OBSERVATIONS AND ANALYSES IN TURKEY AND SHOAL CREEKS 
Physical Features 


Flow in Turkey Creek is sustained by waste discharges during dry seasons. Al- 
though some groundwater influence exists in the Turkey Creek watershed, it is 

not significant to maintain base flows. Conversely, streamflow is well maintained 
in Shoal Creek by groundwater. Springs west of Exeter and Capps Creek are quite 


significant and provide a sizeable contribution to streamflow in Shoal Creek. 


Specific conductance of waters in Turkey and Shoal Creeks, in their natural con- 


dition, range from 200-250 micromhos. Waste discharges entering Turkey Creek 
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substantially increase the specific conductance as shown by data collected at 
st-9. Only slight fluctuations, which could originate from waste discharges, 
can be noted at stations in the Shoal Creek watershed. The streamflow was great 

enough at Ss-10 that the waste discharge from Joplin's Shoal Creek treatment plant 


provided little or no effect on water quality. 


Turbidity readings were very low in Shoal and Turkey Creeks at the points they 
were sampled. Shoal Creek is normally a very clear stream as would be expected 
of a stream receiving considerable groundwater. It is suspected that the 
turbidity of Turkey Creek was increased in areas below the entrance of waste 


discharges but was not shown at the single sampling station visited during the 
stream survey. 


Color analyses were not made at the Turkey Creek station during the survey. 
Color, however, should vary in similar proportions as the turbidity in regard 


to the influence of most waste discharges. Color in Shoal Creek was very 


slight during each survey. 


Water Chemistry 


An analysis of all the chemical parameters was not made on Turkey Creek and 
Shoal Creek. A comprehensive water quality study was made of Turkey and Shoal 
Creeks in 1958 and 1959, and samples were collected during the Stream Survey 
only to note any changes which may have occurred. Parameters which were not 
measured during the survey include nitrate-nitrogen, detergents as ABS, iron, 
Manganese, sulfates, silica, sodium, potassium, chloride, and fluoride. The 
lower Shoal Creek station, Ss-l10, was an exception in that a complete set of 


analyses was performed of samples collected at that point during each season. 


No significant variations were found in the water quality of Shoal and Turkey 
Creeks at most of the Stream Survey sampling stations. Some variations were 
_Roted in Shoal Creek below the City of Neosho in the water quality study of 


1958-1959. These variations were all typical of those normally created by 


Municipal wastes, 


The dissolved oxygen was consistently below saturation at St-9. Waste discharges, 
. imarily from a sewage treatment plant at Joplin, contained quantities of 


» 8*n-demanding materials large enough to depress the oxygen to these lower levels. 
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The pH at St-9 indicated a small amount of photosynthetic activity. All the 
free CO, produced by organic oxidation was not utilized, therefore, the pH 


was maintained below 8.0. 


Total alkalinity and total hardness were increased slightly by the various waste 
discharges from Joplin. Total alkalinity above any waste sources in Turkey 
Creek were commonly 100 mg/l or less, whereas at St-9 a reading of 150-200 mg/l 


occurred frequently. 


Ammonia levels in Turkey Creek at St-9 were quite variable during the Stream 
Survey. Values as low as 0.25 mg/l and as high as 5.0 mg/l were recorded. The 
variable rate of ammonia oxidation under different conditions in the Creek at 
this point and the somewhat variable waste discharges would be an influence 

on these readings. Also, the dilution ratios at various streamflows influence 


these concentrations. 


Nitrate-nitrogen was recorded at a concentration of nearly 7.0 mg/1 in Shoal 
Creek during one season while lower readings were noted in other seasons. The 
many and varied factors influencing the oxidation of ammonia are thought to be 
partly responsible for this fluctuation. A major contributor to the nitrates 
found at this point is the discharge from Joplin's Shoal Creek sewage treatment 


plant. 


Bacterial Quality 


The fact that Turkey Creek receives the majority of the wastewater from the 
City of Joplin is reflected in the bacteria concentrations found at station 
St-9. During a major portion of the year Turkey Creek is sustained by waste 
discharges. Little or no dilution is provided for these wastes. More detailed 
bacteriological data concerning Turkey and Shoal Creeks may be found in an 
earlier study of that area, "Shoal-Turkey Creek, A Water Quality Study, 1958- 
1959". 


Very little can be detected from the data obtained during the Stream Survey. An 
increase in coliform bacteria occurred at Ss-10 which was attributed to the 
waste discharge from the City of Joplin. The water quality study of 1958-1959 
depicted livestock as contributing to bacteria concentrations in the headwaters 


near Wheaton and in Capps Creek. The waste discharge from the City of Monett 
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was principally responsible for high counts in Clear Creek. Shoal Creek below 
Neosho was found to be affected downstream for a considerable distance from the 
City's treatment plant discharge. Swimming was thought to have elevated counts 


at several points along Shoal Creek and several of its tributaries. 


The count at Ss-10 was considered lower than could be expected as a sizeable 
sewage treatment plant discharge occurred upstream from this point. Grand 
Falls was thought to be partly responsible for this reduction as it increased 


the detention time between the treatment plant discharge and the sample point, 


thus allowing a greater die-off. 
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APPENDIX C 


The purpose of the following data sheets listing macroinvertebrates 
collected within the Elk, James, and Spring River Basin is to provide 
data that may be used as a base for future studies, and to document the 
discussion in the text. 


BENTHOS ANALYSIS 


STREAM _Litrle Sugar Creek __—s STATION__Els-1 


NUMBER OF ORGANISMS 9¢5 TAXA _3] DIVERS ITY. 


PLATYHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 


Pelecypoda 


CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 


TITTTE VP UTIL TERRE TITEEM 





Decapoda 











INSECTA 
PLECOPTERA 

Neoper la clymene 
Acroneuria arida 








TTT 
































in 











EPHEMEROPTERA 
Ephemera sp. 


2 


Stenonema tripunctatum 2 


S. nepotellum 


wo. nepotéeiiun 
S. (Gp 3 unk.) 


Heptagenia meculipen 


Baetis sp. 


Tricorythodes sp. 


Caenis sp. 
Choroterpes sp. 
Isonychia Sp. 




















HEMI PIERA 














NEUROPTERA 











20 
3 





nis 5 





> 








NO 





TRICOPTERA 


Cabor ius CaSCS. nen 
Cheumatopsydie sp 


LEPIDOPTERA 


ammo 


COLEOPTERA 


Ectoparia Sp. 
Stenelmis sp. 
Psephenus sp. 


DATE___§-17-64 


am TERN NT LULU een Penaeennminaaaal 





TELLLELE ULLLTLL BEE UE UTTTTLTTTTTEH 
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STREAM Little Sugar Creek STATION Els-1l 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 
Qligochaeta 
Hirudinea 

MOLLUSCA 


Gastropoda 


Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy llopoda 


Amphipoda 


Isopoda 


Decapoda 


INSECTA 
PLECOPTERA 


Neoperla clymene 
Neophasgonophora 
capitata 


REMARKS: 


239 


eee 


oat 
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BENTHOS ANALYSIS 


TAXA 32 


EPHEMEROPTERA 


DATE 11-1-64 
DIVERS ITY 


TRICOPTERA 


|| FEbER 


‘<TH: === S114 AON © TIIIUASIIVINIVINIVINNVINITVNVVE. «iii EE sre OORT ft 
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ODONATA 
Argia sp. 


Gomphidae (im. ) 


HEMI PTERA 
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NEUROPTERA 


MEGALOPTERA 


__Corydalus cornutus 


Limonia sp. 
Simulium sp. 
Tendipedidae 
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BENTHOS ANALYSIS 


STREAM Little Sugar Cr. STATION Els-l 


JnESRIREINETIGUVOWPSSRTOTOISTST TOTO CC ream 


NUMBER OF ORGANISMS 95] TAXA _39 DIVERS ITY. 


PLAT YHELMINTHES 





ANNELIDA 


MOLLUSCA 
Gastropoda 
i sis sp. 
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| 








Pelecypoda 


|- {I ETTT 





CRUSTACEA 
Phy Llopoda 





Amphipoda 








Isopoda 








Decapoda 














INSECTA 
PLECOPTERA 

inella drymo_ _ 
Isoperla clio 
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Isgperla richardsoni 


Neoperla clymene 




















20 
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Branchyptera fasciata 2 


Neophasgonophora capitata 7 
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TT 
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E PHEMEROPT ERA 
sonychia sp. 
Leptoph? edia sp. 
horoterpes sp. 
Ephemerella invaria 
Ephemera guttalata 
Pseudocloeon sp. 
Stenonema ares 


LVVTLTIT TT EERE 








Stenonema nepotellum 

















ODONATA 
Chromagrion sp. 
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HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 
Corydalus cornutus 
Sialas sp. 





























nnd 








HT 


HTT 1 


DATE 


TRICOPTERA 
Chimarra obscura 
Agapetus sp. 
Cheumatopsyche sp. 
Oecetis eddlestoni 


Oecetis eddlestoni 
Helicopsyche sp. 





LEPIDOPTERA 


TOTO Ammnemmtl 


COLEOPTERA 

Ectoparia sp. 
Sephenus sp. 

Dubiraphia sp. (L 


Optioservus sp. (i) 
Stenelmis sp. (lL) 


(L) 


DIPTERA 


Atherix sp. 
Chrysops sp. eee 
Hexatoma Spo 
Simulium sp, 
Tendipedidae 


OTTO On eee 
a on eeeeenel einen eel 
nT emnemntttl 
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Nemato mor pha 
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BENTHOS ANALYSIS 
























































STREAM Little Sugar Cr. STATION Els-1 DATE 5-4-65 
NUMBER OF ORGANISMS 570 TAXA 29 DIVERSITY 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
Planaria Baetis sp. 40 Cheumatopsyche sp. 
Ephemerella bicolor 45 Chimarra obscura 
E._invaria 30 Hydropsyche sp. 
ANNELIDA Stenonema ares 40 Neophylax sp. 
Oligochaeta ss 7 S. nepotellum 70 
5S. interpunctatum § _25 
MOLLUSCA Paraleptophlebia praepidita 7 
Gastropoda Ephemera simulans 2 
Goniobasis sp. 5 Isonychia sp. 17 
Heptagenia sp. 23 
Rhithrogenia sp. 3 
Pelecypoda 
LEPIDOPTERA 
CRUSTACEA 
Phy llopoda COLEOPTERA 
ODONATA Psephenus sp. (L) 
Amphipoda Gomphidae é stenelmis sp. (1) 
S. sp. (A) 
Oe Otioservus sp. (L) 
Isopoda 
Decapoda HEMI PTERA 
Orconectes luteus I 
DIPTERA 
Tendipedidae 
INSECTA NEUROPTERA 
PLECOPTERA 
Neophasganophora capitata 60 ere al ee TY 
Neoperla clymene 30 ee ee ee 
Allocapnia sp. 4 MEGALOPTERA oe ee, 





Corydalus cornutus 4 
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STREAM Big Sugar STATION 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 





ANNELIDA 


MOLLUSCA 
Gastropoda 














Pelecypoda 








CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 
Orconectes 
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INSECTA 
PLECOPTERA 
Neoperla clymene 
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BENTHOS ANALYSIS 


Ebs-1 


TAXA. 21 





EPHEMEROPTERA 


thodes 


SS 


ares nepotellum / 


(near frontalis) 


Gp 3 Unk. 
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Argia s 














HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 
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ULIDE UTE TATE TITER 


DATE 8-18-64 
DIVERS ITY, 


TRICOPTERA 


_Helicopsyche sp. 
Cheumatopsyche sp. 
Empty cases 


LEPIDOPTERA 


a TTT TT oe 


COLEOPTERA 


DIPTERA 
Eriocera sp. 


Lpulidae 


aa hei nae 
Tendipedidae 
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NTT Tannen Amal 


en enna ene aeenmmamuanienaull 
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BENTHOS ANALYSIS 


STREAM Big Sugar Creek STATION Ebs-l 


NUMBER OF ORGANTSMS 


PLAT YHELMINTHES 
Planaria 


ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 


Goniobasis Sp. 
Physa Sp. 
Ferrissia Sp. 


Pelecypoda 


CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 


Decapoda 
Orconectes luteus 


INSECTA 
PLECOPTERA 


iI 


REMARKS: 




















DATE 11-1-64 
DIVERS ITY 


TRICOPTERA 


_Helicopsyche sp. 
vd he bifid 

_Chimarra obscurg 

_Cheumatopsyche sp, 


|] eLbL 
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Empty cases 


LEPIDOPTERA 


COLEOPTERA 


_Ectoparia sp. (Ll) 
Optioservus sp. (L) 
Stenelmis sp. (1) 

S. sp. (A 


Psephenus sp. (L) 




















SETTOTTETTEEETnHenHHH =H RARER NNER NIE?  §8— ls SININNINIINNINPARRRIIE® == PS TiinniinnnnnNNNNNNNGRARSE IE 











‘°C RRR LNT i I: (rN i PAiniiNET TT’ nnNNNNNNNINEAnnN EEE 





—Hiexatoma SD. 
Tendipedidae 


AAW EMM i£«§ i ===  j-§ Wii TAT) 


343 TAXA 29 
E PHEMEROPTERA 
5 Baetis sp 50 
Isonychia sp. 17 
_Ephemera bigutatta 4 
__PLotomanthus sp. 2 
—__©. _Stenenoma nepoteljum 25. 
_S. interpunctatum _ 15. 
—S. bipunctatum . 12.) 
30 
a ge 
14 
ODONATA 
ke: a a —————s 
a —Ganphidae fim.) oil 
HEMI PTERA 
4 TE 
NEUROPTERA 
25 
18 MEGALOPTERA 
Corydalus cornutus 12 
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BENTHOS ANALYSIS 
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STREAM _Big Sugar Cr. STATION Ebs-l 
NUMBER OF ORGANISMS 1510 TAXA 37 
PLATYHELMINTHES EPHEMEROPTERA 
Planaria 2 Pseudocloeon sp. 
Epbemerella walkeri 
EL i : 
ANNELIDA Stenonema tripunctatum_50 
Oligochaeta 10S. nepotellum 
j C um 

MOLLUSCA Isonvchia sp. | 

Gastropoda 
Goniobasis sp. 20 
Polygyridae sp. I 
Ferrissia sp. 18 

Pelecypoda 
CRUSTACEA 

Phy llopoda 

___.. ODONATA 

Amphipoda Gomphidae 
CORA ESB Dec el 
- -‘JgopodaSS 

Decapoda ~~ HEME PTERA 
Orconectes sp. 3 
INSECTA NEUROPTERA 
PLECOPTERA 
Branchyptera fasciata 25 
Isoperla duplicata L7 
Neophasgonophora sp. 35 MEGALOPTERA 
Isoperla sp. 40°  corydalus cornutus 
Neoperla clymene 16 


WITLI TT Ts | 


DATE 2-97-65 


DIVERS ITY 





TRICOPTERA 
Cheumatopsyche sp. 


Chimarra obscura 
Hydropsyche bifida 
Helicopsyche sp. 
Caborius sp, 

Glossosoma SD. 


LEPIDOPTERA 

a ae eee 
COLEOPTERA 

Psephenus_ sp. (I) 
Ectoparia Sp. (L) 
Optioservus sp. (L 
Stenelmis sp. (L 
Stenelmis sp. (A 


He lichus Sp. (L) 


nl 
aerate lnmmauammmaaaadl 
nT TN NONE 


SAO RANE NRE 


DIPTERA 
Tendipedidae 


abanus sp. 

rysops sp. 

riocera sp. 
a mmm 
S$ L4 ] Ad 
Heme rod romid SP pn nme 
aT NNO 
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nn anmenemmmmmenmmamnameunedl 


MISCELLANEOUS 


Xt) 
a een amannanmuammmmmned 
— a msl 


naman meena 


LLEEEEEE IT] UITTTTLTEBEEEE 


to 
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No 





IE LITPEH: 


STREAM 
NUMBER OF ORGANISMS 
PLAT YHELMINTHES 
Planaria 

ANNELIDA 


Oligochaeta 


MOLLUSCA 


Gastropoda 
Ferrissia sp. 


Goniobasis sp. 


Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy Llopoda 


Amphipoda 





Isopoda 
Lirceus sp. 


Decapoda 
Orconectes sp. 





INSECTA 
PLECOPTERA 


Neophasganophora capitata 9 


Neoperla clymene 
Isoperla clio 

I. namata 
Allocapnia sp. 
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Big Sugar Cr. 


797 


14 











BENTHOS ANALYSIS 


STATION Ebs-l1 


TAXA 42 


E PHEMEROPTERA 


Pseudoc loeon Sp. 
Rhithrogenia Sp. 
Baetis sp. 


Ephemerella invaria 
E. bicolor > 


Paraleptophlebia pr preepedita 


Potomanthus sp. 
Isonychia sp. 


Stenonema pulchellum 
S. nepotellum 
S. interpunctatum 


7 





NO 
Lo 





55 
25 
60 











i 
es 
18 


DATE 574-65 


DIVERS ITY 


TRICOPTERA 


Helicopsyche sp. 
Caborius sp. 
Chimarra obscura 


Cheumatopsyche sp. 
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ODONATA 


Gomphidae 
Argia sp. 











Hydropsyche bifida 
9 

LEPIDOPTERA 
COLEOPTERA 
Stenelmis sp. (L 
S. sp. (A) 


Psephenus sp. (L 


Optioservus sp. (1) 
Dubiraphia sp. (1) 
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NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 











Chyrsops sp. 


Hexatoma sp. 
Eriocera sp. 


Hemerodromia sp. 
Simu Lium Sp. 


Tendipedidae 
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BENTHOS ANALYSIS 


STREAM Indian Creek STATION Ei-1l 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 





MOLLUSCA 
Gastropoda 
opicbasis sp. 
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Pelecypoda 








CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 


IL UT TT | 











INSECTA 

PLECOPTERA 

—Neoperla clymene __ 
s gono ph 
Ltata 
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133 
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TAXA 21 





EPHEMEROPTERA 


Stenonema nepotellum 
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s 


cocythodes sp. 
hemera sp. 





| 


AT TLT TT EE 











ODONATA 

















HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 
dalus cornutus 











LBL 





bho 
© 





WO 





HT] 


1 


TTR 


DIVERS ITY. 


TRICOPTERA 


LEPIDOPTERA 


nnn amemammumammmmmauuanel 


COLEOPTERA 


Stenelmis sp. (Lb) 
i Sp. (A) 
Psephenus sp. (L) 
Ectoparia sp. 


MISCELLANEOUS 


— nme 
a sean ouomteeeienenemmuuamuuanemmel 
a a eae amma aeeehaenamenemammmmmmaalal 


nT eanm eam meneame 


DATE__8-18-64 





Ake LL TLLTETTTTTT EEE 


LL VET TE 


10 


STREAM Indian Creek 





NUMBER OF ORGANISMS 


PLATYHELMINTHES 





i 


ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 


Goniobasis sp. 
Ferrissia sp. 





Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy Llopoda 


Amphipoda 





[sopoda 
Asellus sp. (near 


: 


Decapoda 


INSECTA 
PLECOPTERA 








REMARKS: 


477 





BENTHOS ANALYSIS 
STATION Ei-1 
TAXA 


EF PHEMEROPT ERA 























DATE 11-3-64 


DIVERSITY 


TRICOPTERA 
Helicopsyche sp. 
Caborius sp. 


Cheumatopsyche sp. 

















ODONATA 
Argia sp. 
Gomphidae (im. ) 





HEMI PTERA 


NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 











Empty cases 


LEPIDOPTERA 


COLEOPTERA 


Optioservus sp. CL) _ 





















































STREAM Indian Cr, STATION 


Ponstel 


NUMBER OF ORGANISMS _80 


PLATYHELMINTHES 


ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 








Pelecypoda 
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CRUSTACEA 
Phy 1llopoda 


Amphipoda 
S sp. 





Isopoda 








Decapoda 
rceonectes sp. 


TIE TE TTR 











INSECTA 
PLECOPTERA 


Allocapnia sp. 
Branchyptera fasciata i 


Neoperla clymene 
Hydroperla nalata 
Hydroperla crosbyi 


ITLL T Tad 





























1 


8 


BENTHOS ANALYSIS 
Ei-1l 


TAXA 41 


Ephemere lla bicolor 























Stenonema tripunctatum 40 


S. interpunctatum 
S. nepotellum 





























NEUROPTERA 




















10 

















DIVERS ITY 


DATE_2-9-65 





TRICOPTERA 


Helicopsyche sp. 
Glossosoma sp, 
Cheumatopsyche sp. 


LEPIDOPTERA 


RTT oan 


COLEOPTERA 
Psephenus sp. (L 
Ectoparia sp. (L 
Stenelmis sp. (L) 
Optioservus sp. (L) 


DIPTERA 


Chrysops Sp. 

Simulium sp, 
Tendipedidae 

Eriocera sp. 

Antocha_ sp. 
rennet 
een aeeee 
eae Ar 


ncaa TET AT EN 


MISCELLANEOUS 


a eae enamel 
Pa TNL LE TN ETT 
eT oie eel 


SON eamanadéiinenemmmmmeanaemmanc mmm 


| ULTATTTLT ITER 

















TLL VTLTREEER TTT 


STREAM Indian Cr. 


NUMBER OF ORGANISMS 218 


PLATYHELMINTHES 








ANNELIDA 
Oligochaeta 





MOLLUSCA 


Gastropoda 
Goniobasis sp. 








BENTHOS ANALYSIS 


STATION 
TAXA 
EPHEMEROPTERA 
Baetis sp. 


-Isonychia sp. 
~Potomanthus sp. 
~Pseudoclocon sp. _ 
“Ephemerella bicolor 


SetcraeeeemahdacaseetumeelisemaaeeiimsenenaenatinmimmmamianianmemenmemmemeessmmmmmmmmagmmmannnnennaenaanEmmmeR! 


Ei-1 


Z3 


30 


DATE 274-65 


DIVERSITY 


TRICOPTERA 
Chimarra obscura 


Caborius sp. 
Cheumatopsyche sp. 


Paraleptophlebia praepedita 5 
——— 


Heptagenia sp 


Rhithrogenia sp. 


IT 





Stenonema nepotellum_ 19 


S. bipunctatum 


7 














Pelecypoda 
Actinonaias pleasi 


CRUSTACEA 
Phy llopoda 


Amphipoda 


ODONATA 


Psephenus sp. 
Stenelmis sp. 


Oy 
TTT UTT OTTO, Vv CORERR TTT AARON RRAONORAONRR =n NINN NNNNNNNNNNNNNNNNNNNNNNN NNN 








Ty 
Samer were re rere re rere reecressoeronoorrenrrnrnnnssinnensenenneneemgcentaecieceecceereetneeecengppeterememertretarag> =e: === re ett HN EO TC TO IO TO OT IO OO IO, 


Isopoda 


RANA 
ETULTTUPTUPETUUUUUUTTUTIETTT = NHI T AANA === NARGIS FErUPpsPrbrrtrtvsvrirrtrir rr INO VN 


een eee ntl 
nnn ennnnann ana aanenaaanaensansnnssnadaaiaaaaaaauuaauamamumumuuunnnennnnsnnnennel 
mmm rrr rrr errr reer rrr ELLE IC EP LILI CA ALPACA NA 





Decapoda 
Orconectes sp. 1 








INSECTA 
PLECOPTERA 


Neophasganophora capitata 


HEMI PTERA 


NEUROPTERA 











DIPTERA 


Hexatoma sp. 
Tendipedidae 





ee, ene 
RG ARLE ITS, ARPA III ITO I ODS DIS OE ODEO IEE T CEPT T OTT EE ATTEND: == HERIN NN RECUR EUILLEU ELECT ELOOMELCOTEEE, 


Perlesta placida 1 
Neoperla clymene 5 




















a aotassaeen ttaeeaanadinietiemesetieiiieael 


F eceesesssseaseaaasaseaaasnasaaaanannaaaannnnnnnnannnsniiiiill 
Ose imum 
CCP IER QE EE QneeeereenigennengEI EERE PONT reer T TET TE TUT ETTETT ETT T CT OUTCNNTCNTTCCITCCCTITCCONICCCTISS, «=I IIIA UIRIPURNAEURCEUUCEUOCOOROOOER 


REMARKS: 


MISCELLANEOUS 
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BENTHOS ANALYSIS 


STREAM_ tndian Creek STATION ___Ei-2 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 


6 


| 











Pe lecypoda 








CRUSTACEA 
Phy llopoda 





Amphipoda 








Lsopoda 





Decapoda 
—— Orconectes._£2p... 











INSECTA 
PLECOPTERA 











TTT 








REMARKS: 


D229 














> 








| 


came cmmmmteraaan 2 ere eAAAAASNNN SHCA ETNA 


TAXA 25 











ODONATA 


VTL TUNER TT] 














HEMI PTERA 














NEUROPTERA 











kL REELEFE 





ITLLITE 


DATES - 16-64 


DIVERS ITY 








TRICOPTERA 
Cheumatopsyche sp. 
_Chimarra obscura. 
Psych 


LEPIDOPTERA 


reine eEN SCENT ACS TTON 


COLEOPTERA 
Psephenus sp. (Lh) 
Ectoparia sp, (i) 
Optioservus Sp. (Ty) 


Stenelmis sp. (iy) 
S. sp. (A 


DIPTERA 
Chrysops sp. 


Tabanus Sp. 


MISCELLANEOUS 


—— mmm 
TT een seinem 
a neem 


vv a eeemammmnanail 


~ ULIVEBELE TT UTLITTTTTTTEEE 





SII) VELVET 
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BENTHOS ANALYSIS 


STREAM Indian Creek STATION Ei-2 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria ss 


ANNELIDA 
Qligochaeta 
Hirudinea 
MOLLUSCA 

Gastropoda 


Goniobasis sp. 
Physa Sp. 
Ferrissia sp. 


Pelecypoda 


CRUSTACEA 
Phyllopoda 


Amphipoda 


Isopoda 


Decapoda 


INSECTA 
PLECOPTERA 


Neoperla clymene 


REMARKS: 


463 








TAXA 


EPHEMEROPTERA 
Isonychia sp. 
~Baetis sp. 
Ephemera guttulata 
_Stenonema inter- 
punctatum 
5. neoptellum 


20 























DATE 11-4-64 
DIVERS ITY 


TRICOPTERA 
__Cheumatopsyche sp. 

















OO —§=§ TT TUTTI TLI ANTS §—§—§— teriiiniiivNNANUUNIHIUNE ===‘ Ae OTT HNNRRRATS «(NNW 


SEENON ON TOOTH NUR RORITE, =U ===“ RRA == eiinvevunnnbunininnnunne 


ODONATA 
Argia sp. 








LEPIDOPTERA 


COLEOPTERA 
_Psephenus sp. (L) 


Stenelmis sp. (L 


S. (A) 











_ EECCA ECON OIF STITH OCT TSE UAE EEO HNO SAS POI SSRIS EEE TSF 77 fT rir, TEENIE RIE, 





a a nen a oe 


en lit ee en 


DIPTERA 

_tTabanus sp. 

—tTendipedidae 
Hexatoma sp. 











SRSA AS A EES SCS Set TSESARSCEMGRERENERS ISG ahhheiPERTEER er A g ELTE EE PO SETENERN,  ETSEAOE 


ETE Stead dteeeaeaeneeeneeenannnnnnn nea ne emilee teeta email sce seit menannanaianeieal a a TL NTT, 


eA SSE «= NA TT YARRA TRINETTRRREREERD = IrLnNttieeARe§——erermmerp ES RTA I REET TTR ECERCERINLONEN NHN UriRR ARSE 
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NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 


Qligochaeta 
Hirudinea 


MOLLUSCA 
Gastropoda 
~Goniobasis sp. 
Ferrissia sp. 
a thd -¥- -) > 
Gyraulus sp. 
Ammicola sp. 
Pe lecypoda 


—ophaerium sp. 





CRUSTACEA 
Phy Llopoda 


Amphipoda 
Hyalella azteca 





Isopoda 








Decapoda 


onectes nana 
. hylas 


' 








INSECTA 

PLECOPTERA 
Lsoperla confusa 
eoperla sp. 
Neophasgonophora s 


Isoperla duplicata 











ITLL LL eld 











REMARKS: 


2274 


























Joon 








foot 








BENTHOS ANALYSIS 


STATION Ei-2 


DATE 2-9-65 







































































TAXA 40 
EPHEMEROPTERA 
_Isonychia sp, — 130. 
—Epbemera guttulata 40. 
.Leptophiebia sp. eususte as 
—raraleptophlebia 
— walentans 50 
—Potomanthus sp, 8 
—Stenonema pulcheljum 150 
oo neoptel lum 200 
oo. tripunctatum 130 
interpunctatum 220 
lla in 25 
Mees LC OTOR oes 16 
ODONATA 
HEMI PTERA 
NEUROPTERA 
MEGALOPTERA 
rnonutus 28 
Sali ee 














DIVERS ITY. 








TRICOPTERA 


Chimarra_ obscura. 
Cheumatopsyche sp. 


LEPIDOPTERA 
Cataclysta sp. 


COLEOPTERA 
Psephenus sp. (L 


Ectoparia sp. (L) 
Stenelmis sp. (L) 


Uptioservus sp. (L) 


icrocylloepus sp. Li 


ve TS OO Tne immanent 
eT nema 
eeammeremearrrrinacsys aceon a 


NLL TNC TT 


DIPTERA 


Tendipedidae 
Chrysops sp, 
Hexatoma sp. | 


MISCELLANEOUS 
Lsotomuris palustris 


nn menu 
ToT enema 


wr mmm 


hE UIVITLTTTTTT EE 





r|r [io 
els 





Lb ULITITERR LTTE 


STREAM 
NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Goniobasis sp. 


Pelecypoda 


CRUSTACEA 
Phy llopoda 


Amphipoda 





Isopoda 
Asellus tridentatus 


Decapoda 


INSECTA 

PLECOPTERA 
Neoperla clymene 
isoperla duplicata 
Perlesta placida 








REMARKS: 


Indian Cr. 


922 





BENTHOS ANALYSIS 


STATION Ei-2 


TAXA 


E PHEMEROPTERA 
Heptagenia sp. 
Caenis sp. 
Potomanthus Sp. 
Ephemerella bicolor 
Ephemera guttulata 
Baetis sp. 
Paraleptophlebia sp. 
Stenonema ares 

S. tripunctatum 


S. nepotellum 


S. interpunctatum 


30 


19 
































DATE 274-65 


DIVERS ITY 


TRICOPTERA 


Cheumatopsyche Sp. 
Caborius sp. 


12 





ho 





TTT 


LTTE «(INI lO eC PPO vCTO OU OO CONCH OOOUOOA AU AAOHNOHH RRA RTEPTOTOTOOTULLIIUONNG «=== TF.N; ===‘ ipo uP il i SAUCER = “NLA RROD 








ee tet eitbbbbtttbacee tenet naeemiaiaedibiilidtbleliee beeen Seesiahhhe the aa eacceneaonimialibihiliinl htt gan PE grt nt OSS OO C smmmmmmtsnenthdiondiiannnatanaaetil 





ODONATA 
Argia sp. 








LEPIDOPTERA 


COLEOPTERA 


Psephenus sp. 
Stenelmis sp. (1) 
- sp. (A 


Optioservus sp. (1) 


ee 




















| Raat i inaateteeesseenenee ee atsaaiieseninsaaieaeiaine titted Mun ennmmmiatainiumumenettiainmenamenad tt eesnentetetett sessaaaaamasesnssaaaammnandll ssi eananannainmnmmenn amma him mal iebtaan mmet nnemmninamtiein aii ven 


sa amennnnaemammnndl seeder rethiemmmeeebtiueeeteeetammne emanation omen fc hchcomeamienaaaateattttetitammmstitattetiiienam ahi khan | Ragone cane ache TEE Cri iglnecartiginne niente im ce n= machen omens eanadesenmeeemeaetiiaiannnnmmmmniianintl ss saseeeennnnnitaal 





aod 





= 








ATT TH 


NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 











DIPTERA 


Tabanus sp. 
Eriocera sp. 
Chrysops sp. 
Hemerodromia sp. 
Tendipedidae 














MISCELLANEOUS 





























17d 


STREAM 


NUMBER OF ORGANISMS 373 TAXA_30 | DIVERS ITY 


PLATYHELMINTHES 


ANNELIDA 
—Oligochaeta 


Hirudinea 
MOLLUSCA 


Gastropoda 
niobasis sp. 
errissia Sp. 


| 








Pelecypoda 





CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 











INSECTA 
PLECOPTERA 


[__Elk River 


























Acroneuria internata fis 








HTT] 


| 











REMARKS: 


BENTHOS ANALYSIS 


STATION E-l 


E PHEMEROPTERA 
Stenonema nepotel lum 


Heptagenia maculipen 
Centroptilum sp. 




















HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 
Corydalus cornutus 


* 


jialis sp. 








po 

















nis 7 








IE THAT 


| 


jm 
pe GON 





ITIL 


DATE 8-19-64 


TRICOPTERA 


LEPIDOPTERA 


vn renee oesenndammaiiiammmmmmmmmmccunasenemmuliiiill 


COLEOPTERA 


Stenelmis sp. (A) 
S. sp. (A 


Ectoparia sp. (CL 


Psephenus sp. (1) 


MISCELLANEOUS 


eae eaten ud 
coreerin A martencemtie TATOOS 
cee emmneaseaneemnemnemmmmeannanl 


nn nnn 





TLTLL]HE VUPTTPBEEE TT UTLTTETT rere 


HII 


BENTHOS ANALYSIS 


STREAM _ Flk River STATION  E-1 
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DATE 11-3-64 
NUMBER OF ORGANISMS 686 TAXA 29 DIVERS ITY 
PLAT YHELMINTHES EPHEMEROPTERA TRICOPTERA 
———e —LSonychia sp... 80 _Caberius sp. 
—tenonema inter= ou _(Cheumatopsyche sp, 
ANNELIDA punctatum 15 Hydropsyche sp 
Oligochaeta oo. dd Lg hinunctatum 7 LL 
Hirudinea ee oS e's ofl 1 eae © ee ee 
MOLLUSCA 
Gastropoda 
Goniobasis sp. 2 a Ee 
SMe Mee a ie a a a cs 
Pelecypoda Empty cases 
Sphaerium sp. 2 _— 
LEPIDOPTERA 
CRUSTACEA ae 
Phy Llopoda COLEOPTERA 
____._ ODONATA _Psephenus sp. (L) 
Amphipoda Argia sp, oo 3. _Stenelmis sp. (LL) 
——— See 5 » eee &: 0 
——— —Optioservus sp. (iL) 
Isopoda __.. —Ectopsria sp. (7) 
Te A eS ee a a en, eee 
Decapoda HEMI PTERA | 
Orconectes sp. (im.) 3 gee 
DIPTERA 
eee, rae = Simul 
INSECTA NEUROPTERA waiXVSODS SD. 
PLECOPTERA eres » (-).0-0 46). 
Neoperla clymene 70 ———— —lendipedidae 
Neophasgonophora 23 a 
capitata MEGALOPTERA ee ee ee eee ee 
___- _Corydalus cornutus __10_ 
MISCELLANEOUS 


REMARKS : 











19 


BENTHOS ANALYSIS 


STREAM Fik River STATION E-1l 


NUMBER OF ORGANISMS_ 2600 TAXA 45 DIVERS ITY 


PLATYHELMINTHES 





Gastropoda 
Goniobasis sp. 


2 


ssia sp. 
SD. 


Planorbula sp. 


Pelecypoda 
haerium sp. 


i 





CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 








Decapoda 
onectes sp. 











Hydroperla nalata 
Allocapnia sp. 


a clymene 


[soperla clio 









































| 








10 
6 


50 








DATE __2-9-65 





EPHEMEROPTERA 
[sonychia sp. 

Eo atta late 
Pseudoclo on sp. 


S P 


Bactis sp. 
Paraleptophlebia sp. 














Stenonema bipunctatum__30 


5. interpunctatum 
S. nepotellum 
$. tripunctatum 


Ephemerella_ invaria 
E. bicolor 

















ODONATA 











HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 


Neophasgzonophora capitata 50 Corydalus cornutus 
1 






































TRICOPTERA 

Helicopsyche sp. 
Neophylax sp. 
Leptocella sp. 
Leptocerus sp. 
Agapetus illini 
Glossosoma sp, 
Chimarra obscura 
_Hydropsyche bifida 
Cheumatopsyche sp, 


LEPIDOPTERA 


TTT eeammnnemmmaill 


COLEOPTERA 
Ectoparia sp. 


Psephenus sp. (%) 


Stenelmis sp. (L 
Stenelmis sp. (A 


Optioservus sp. (L 


DIPTERA 
Tendipedidae 
Eriocera sp. 

Chrysops sp. 


Tabanus sp. 
Tipula sp. 


sdeeammmmmacatteneeii Acari aaa ATTEN NLD 
SSUES TEESOUIIITENTOTTInr OL ee nleammmmamammnl 
aaa aera enamel 


semeeeseennennnmrnsemmmproessnasiitsa TANTO ATT 


MISCELLANEOUS 


nee aaemmnenentammmmmaaneemnns alee aaa 
ce eae aeimemeeeemnaammemeanmmmmntite 
nn enna 


nn 





FELEELLE 


HTT TPTPEREBE TTTTTBEEER I] TUTE 
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STREAM Elk River STATION E-1 
NUMBER OF ORGANISMS 1100 TAXA 37 
PLAT YHELMINTHES E PHEMEROPTERA 
Planaria 4 Ephemera simulans . 
Potamanthus_ sp. 
Paraleptophlebia Sopa 7 
ANNELIDA P. praepedita 
Oligochaeta 7 Heptagenia sp. 5a 
Rhithrogenia sp. 22 
MOLLUS CA Stenonema ares 22 
Gastropoda S. interpunctatum 70 
Goniobasis sp. 8 o. tripunctatum 100 
S. nepotellum 50 
Baetis sp. 80 
Ephemerella invaria 100 
E. bicolor 24 
Pelecypoda 
CRUSTACEA 
Phyllopoda 
ODONATA 
Amphipoda Argia sp. 21 
Crangonyx forbesi rj Gomphidae 8 
Isopoda 
Lirceus sp. 9 
Decapoda HEMI PTERA 
Orconectes sp. l 
INSECTA NEUROPT ERA 
PLECOPTERA Siaptioaatees 
Neoperla clymene 50 a 
Allocapnia sp. 7 
Perlesta placida 12 MEGALOPTERA 
Corydalus cornutus 5 








REMARKS : 








BENTHOS ANALYSIS 



































DATE _5-4-65 


DIVERSITY 


TRICOPTERA 
Caborus sp. 
Chimarra obscura 
Cheumatopsyche sp. 


Leptocerus s 

















a amet teenie -nninanennmmmmemmemntttt titties nn ans nate escenario natal 

















COLEOPTERA 
Psephenus sp. 
Ectoparia Sp. 
Se) 














et ARC ETRE 
ne ae ee a a a a a ne elk OE AMM Eka erent eee 








Optioserrus Sp. 








A siaeaceaeeeianeienmamemmmmmmmnnhl 
FTES TENERIFE AI ZC NT A LASS, ARTESIA eseaecegnssee CS eR NI TASS A RH A ES PL EL EET 


























DIPTERA 


Hexatoma sp. 
endipedidae 




















MISCELLANEOUS 























ANNELIDA 


2 


Qligochaeta 


MOLLUS CA 
Gastropoda 

Goniobasis Sp. 

Planorbidae 











Pelecypoda 
rium Sp. 
silis ovata 


| 


CRUSTACEA 
Phy Llopoda 


Amphipoda 








Isopoda 








Decapoda 
nectes Sp. 











INSECTA 
PLECOPTERA 


Acroneuria internata 


Neoperla clymene 


Neophasgonophora 
capitata 


) 








AT TTTT| 








REMARKS: 


230 



































- 





— 








BENTHOS ANALYSIS 












































eee 


ve TT ae nnemmmnenmmmd 


ere TT named 





station 7% DATE _ 8-19-64 
TAXA 33 DIVERS ITY 
EPHEMEROPTERA TRICOPTERA 
_Stenonema nepotellum_30  Heliocopsyche sp. ——2- 
_S. (near) frontale 12. —Negphylax acufumnus sitacaa da 
_S. (Gp. 3 Unk) ss J O.)0_Cheumato psyche sp. ames ea 
_S. ares ss t—<CSsti(CsSdSC SCS$é tv case 
_Tricorythodes sp. 0. 
_Caenis sp. CL eee 
_Ephemera sp. UL 
1 bi 2 Pe 
Choroterpes Sp. ) oS a ee a 
Baetis sp. 6 Be ees, ees 
ilum s 2 ee acta, atin 
Heptagenia sp. a ae ee ee 
fe re eeeaatammanazamniiceancesonssnsaee sae cores ec RE IN eed 
Sgt ae ga La es peace «ices 
eae LEPIDOPTERA 
ee 
COLEOPTERA 
ODONATA _Psephenus_ sp. (i) 
—Arzia pee Ectoparia sp. (¢L er ee 
____Stenelmis sp. (i) 20. 
ey 
es 
ee 
ne eee, kate 
HEMI PIERA Bs ee ty eas 
oe ee ae ceoaeee 
cceaghmnnlaneeemenetin TT eennnmmmmmmmmmennnditil  ennanetiael 
DIPTERA 
 TADA DUS SP ent ene 
NEUROPTERA — ELL O COTA Sp enemas safe 
Ss w Tendipedidae 
Ceres j ee 
—_—_—_—OO———e—— 
MEGALOPTERA eee 
_Corydalus cornutus 10. ee 
a a a aa el occas 
saetremntctatnttbsovonhits meovemntnp mmc SAT NN SSS | eaaauananatal 
~~" MISCELLANEOUS 


ae ae” 


I 


STREAM Elk River 





NUMBER OF ORGANISMS 724 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 
Oligochaeta 4 


MOLLUSCA 
Gastropoda 

Goniobasis sp. 

Ferrissia sp. 


SS. 


BENTHOS ANALYSIS 


STATION E-2 


TAXA 36 


E PHEMEROPTERA 


LPPFEEE| 


ileal ei idedbdbebiaiiiaiaenaneAAARn I asnsnnnnnnnnEiiniaii siesta ne gd 


Somatogyrus sp. 3 


DATE 11-3-64 
DIVERSITY 


TRICOPT ERA 


————— TTT TTT TT TT TTT TTT TTT TITTIES TOTTI OI OTTO 


11 TELEEE 


seaemaicaieiaianannineatebennsnnnamd rt Rt RTE SSE pee RENAN, vOTIyTETEErTUUUUUENIREIbHIRhHONE Perr OOOO —— 


———— Leena teeaetetetlinnnn nner ioc nennnnnnnnnneel S caunenancommmmmmmmamerel ett epee SSSR URES ERSP HH I OR hte ED 


Pe lecypoda 
Sphacriua—sp._—_ — 


CRUSTACEA 
Phy llopoda 


Amphipoda 


Isopoda 


ODONATA 


LEPIDOPTERA 


COLEOPTERA 


_—lsephenus sp. (L) 
__Ectoparia sp. (Lh) 
a ptene ins. sp. 
Optioseryus sp. (UL) 


paras inne ieee meee nr _=rr7 vt Ha =r ad 


<UyEEEEET'ERNPCEEORET«—«====_—_=« Wt UII EET PPS, «=«|«(AVMAVOVTUTWUIFUVUFUINVNIENTUINNNNNTEREPSS:, §—«====—«sddl i111 rT NNN ARAN 8 HNL? 


Decapoda 


—Orconectes sp. (im, ) 2 


PO _ RRR IH TR, ice iciiiijiotcontiinoamamyesmnh ic PS eee eee ed i dled te ‘ome 


INSECTA 
PLECOPTERA 


-Acroneuria internata 1 











—Neoperla clymene 
Hydroperta nalata i2 
—Neophasgonophora 





_____capitata 3 


NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 


Reema rmmreerceeemee iat SEE 0 rc a aE arr PETS ea 





REMARKS: 


Eriocera sp. 
Limonia sp. 

Simulium sp. 
Tendipedidae 





Denner rere TTT cena eae detdetenananaeennennnnnl 





MISCELLANEOUS 





























ee di tec emmmer onan pean: ee 


BENTHOS ANALYSIS 


STREAM Flk River sss SC STATTION__E-2 


NUMBER OF ORGANISMS 1708 TAXA _ 38 DIVERS ITY 


PLATYHELMINTHES 








ANNELIDA 


Hirudinea 
MOLLUSCA 
Gastropoda 
| Sis Sp. 
a Sp. 
isoma sp. 
issia sp. 


* 


I 


| Pelecypoda 
aerium sp. 





CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 
onectes sp. 











INSECTA 
PLECOPTERA 


Hydroperla nalata 


Isoperla clio 
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Neophasgonophora capitata 




















REMARKS : 





MTL 


i 


TNO samen en eal 


EPHEMEROPT ERA 





Stenonema tripunctatum_30_ 


S.. interpunctatum 

ellum 
S.bipunctatum 
Ephemera sp. 
Baetis sp. 














ODONATA 
Agrionidae 














HEMI PTERA 














NEUROPTERA 








3 OMEGALOPTERA 








Li 
40 
150 
1 




















LTTE TP TPEE TIPE TET 


DATE _2-9-65 


TRICOPTERA 


Hydropsyche bifida 
Helicopsyche sp, 
Neophy lax sp. 

Caborius Sp. 

Glossosoma_ sp. 

Chimarra obscura 
Cheumatopsyche sp. 


LEPIDOPTERA 
Cataclysta sp. 


COLEOPTERA 
Psephenus sp. (L 
Ectoparia sp. (L 
Stenelmis sp. (L) 
teneimis sp. (A) 


DIPTERA 


Tendipedidae 
Simiulium sp. 
Chrysops Sp. 
Hexatoma Sp. 
Eriocera sp. 


ar nemmeenenmammmml 
me 
nen Clk meena 


anaes 


MISCELLANEOUS 
Nematomerpha 


smrrrnareen nee ETNA ETT DOTO ETAT TONY 
Ter een meer 


Tenant 








L LVTLTITELEEEER 





fh 
ob 





oN 





us 





LE ULIEEERE TTT 


STREAM Elk River 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 
Planaria 


ANNELIDA 
Oligochaeta 


MOLLUSCA 


Gastropoda 
Goniobasis sp. 
Ferrissia Sp. 


Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phyllopoda 


Amphipoda 
Isopoda 


Decapoda 
Immature 


INSECTA 
PLECOPTERA 
Perlesta placida 


Neoperla clymene 


BENTHOS ANALYSIS 




































































18 
60 


























STATION E-2 DATE 375-65 
613 TAXA 33 DIVERSITY 
E PHEMEROPTERA TRICOPTERA 
11 Potomanthus sp. 3 Helicopsyche sp. 
Ephemera simulans 5 Neophylax sp 
Rhithrogenia sp. 13” «Chimarra obscura 
_Isonychia sp. _ _—s -__16 Cheumatopsyche sp 
5 Heptagenia sp. oh Hydropsyche cuanis 
Paraleptophlebia gutatta 11 
P. praepedita 30 
Ephemerella bicolor 22 
9 EK. invaria “50 
2 Caenis sp. “4 
Pseudocloeon sp 7 
Stenonema ares 90 
S. interpunctatum 40 
S. nepotellum 60 
1 
LEPIDOPTERA 
COLEOPTERA 
ODONATA 
Gomphidae 1 
HEMI PTERA 
22 
DIPTERA 
Tabanus sp. 
NEUROPTERA Stenelmis sp. 
S. sp 
17 
23 





Neophasganophora capitata 18MEGALOPTERA 








REMARKS: 








Corydalus cornutus 














MISCELLANEOUS 














seveenntnin vnnoni cenit detente nn NR 


BENTHOS ANALYSIS 


STREAM Elk River ——C—C—CSSTTATTION_E~3 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 
basis sp. 

nicola sp. 
rbidae 

sa spp. 


e 


| 


| 


Pelecypoda 
donata grandis 
Lampsilis brevecula 
Leptodea fragilis 
CRUSTACEA 
Phyllopoda 





Amphipoda 








Isopoda 








Decapoda 














INSECTA 
PLECOPTERA 


Neoperla clymene 








HTT 











REMARKS : 


ho 
oo 


0 








re 





bh 








isis 


J 





EPHEMEROPTERA 

Steponema (near) frontalelO 
Ss. (Gp 3 Unk) 4 
eae ne; lum 10 
GS. tripunctatum 2 
Ephemera sp. l 
Txricorythodes sp. 6 
Chereterpes Sp. 6 
Baetis sp. 8 
Centroptilum sp. 5 
Heptagenia maculi- 2 

pennis i 
Ephoron_ album il 
ITsonychia sp. 5 
3 


Potomanthus sp. 











QDONATA 

















HEMI PTERA 














NEUROPTERA 











TAXA 33 DIVERSITY 












































TIVETL TE TEE TEE 


TRICOPTERA 
He LicO PS VOR. Sen se 
Caborius sp. 
Setodes sp, _ 
Cheumatopsyche sp. 


LEPIDOPTERA 


ETT memmmantel 


COLEOPT ERA 
Stenelmis spp. C2) 
S. sp. (CL) 


Psephenus sp. (L 


DIPTERA 
Eri 
Tendipedidae 


MISCELLANEOUS 


myrreepieemnR RSE ERENT SSSI NNERED 
Tenn Unseen amen 
cee AEN EET 


nema neta ciEREEENNT APTOS ELT REE aT 


DATE_ 8-90-64 


TICS aa nammmesiiemmmmmmmaammmmmnnutil 





| UVITLTTTTTLEEt 





> FOr 
al, 





OO 








TLL TULIVERE TA 


STREAM Elk River 


BENTHOS ANALYSIS 


STATION E-3 


NUMBER OF ORGANISMS 1.211] TAXA 41 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 


~-Physa sp, 
—Planerhula sp. 
Goniohasis sp. 
E S hccadd 

Pelecypoda 


-Sphaerium sp. 


CRUSTACEA 
Phy Llopoda 


Amphipoda 


Isopoda 


Decapoda 


INSECTA 
PLECOPTERA 


_Neoperla clymene 





REMARKS : 





E PHEMEROPTERA 



































DATE 11=2-64 


DIVERSITY 


TRICOPTERA 


—__Helicopsyche sp. 
__—_Gaborius Sp, 
__Leptocella sp. 
__Hydropsyche aringale _ 
__Chimarra obscura 
Hydropsyche sp. 
—__Cheumatopsyche 





























ODONATA 


__Empty cases 


LEPIDOPTERA 
__—Cataclysta sp. 


COLEOPTERA 


__Psephenus sp. (1) 
__Ectoparia sp. (Z) 
__Stenelmis sp. (1) 
S. sp. (A) 





- 




















REE EEE TELE seen annette Tadd ey ait i ee 








NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 





DIPTERA 


Tabanus Sp. 

Chrysops_ sp. 
__Hlexatoma SD. 
__Eriocera sp. 
__Tendipedidae 








‘SNORE «=I SeS «(tI 





EE ELD ARAL REE | oo ENERO RR ROR Is tenenaemennneieRl en iieiiammteiiadadiiiieeed _— —— 








ho 


7 


STREAM 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 








ANNELIDA 
[ eta 
Hirudinea 
MOLLUSCA 
Gastropoda 
obasis sp. 
—Planorbula sp. 


errissia sp. 
hysa sp. 


Pelecypoda 


: 





CRUSTACEA 
Phyl lopoda 


Amphipoda 


es azteca 


: 





Isopoda 








Decapoda 








| 





INSECTA 
PLECOPTERA 
Tsoperla clio 
laasseni 
rla nalata 
—Neophasgonophora 
i a 

lymene 





LTT TH [dad 














Elk River 


1699 














ho 
ta 


























IT 


BENTHOS ANALYSIS 


station =73 


 stetsnamaenecmmmicabceeS IO cacti NEETU ALE ENN TSE SN, 


4 


TAXA 





E PHEMEROPT ERA 


Stenonema inter- 
punctatum 

wo. tripunctatum 

S. nepotellum 

S. pulchellum 

Heptagenia sp. 


Ephemeralla walkeri 
E. inva ria 
































NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 


+ 


Sialis sp. 
| reeset aectea eI RTT cl NTS 
revises Gh meinen! 
ENTER RN A gt I RR ANTS lh RS OORT 
























































DIVERS ITY, 


TRICOPTERA 


Helicopsyche sp. 
Hydropsyche cuanis 
Leptocella sp, 
Polycentropus 
Neophylax sp. 
Caborius Sp, 


LEPIDOPTERA 
Cataclysta sp. 


COLEOPTERA 


Psephenus sp. (1) 
Ectoparia sp, (i) 
Stenelmis sp. (i) 
Optioservus sp. CT) 


Dubiraphia sp. (L 


DIPTERA 
Smee piy 
Eriocera sp. 
Laccobius sp. 
Tendipedidae 


MISCELLANEOUS 
nematomor pha 


ne nen eemntial 
sezvhninnareontnammrmmarerisiisaacesi i ittttDSSEASEOANy NTE AO TT CNY 


RETniinnmeOnNN nee NOOAASLSAENN ETHOS SLES 








LL LLTITPRELE Ti VTTTTTTT PEELE: 


f= 
© 
© 


| 





Tk TTT 
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STREAM Elk River 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 





ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 











Pelecypoda 


CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 
Lirceus sp. 


Decapoda 











INSECTA 

PLECOPTERA 
Pteronarcys dorsata 
Neophasgonophora 
Neoperla_ cylmene 
Perlestra placida 


REMARKS: 


878 





BENTHOS ANALYSIS 


STATION E-3 


TAXA 


E PHEMEROPT ERA 
Rhithrogenia sp. 
Potamanthus sp. 
Isonychia sp. 


Heptagenia Sp. 
Baetis Sp. 


Paraleptophilebia sp. 


Stenonema ares 


o. nepotellum 
Pseudocleoen sp. 
Ephemerella invaria 


E. bicolor 


30 
































DATE . 2-3-6) 


DIVERSITY 


TRICOPTERA 
Helicopsyche sp. 
Caborius sp. 
Cheumatopsyche sp. 


Hydropsyche bifida 
Chimarra obscura 





tc 
\O 




















Da emanate nn ieaineininnnnnnannennnnnsnnmmmmmmmmattiddsiiassssnntmnnnnneinnin nae tnt nadia, a ne a ceeeeneaetioaanendl 


rer UPC POE SSSA, Seppe; nnn ll ir iu i sR 


mmrreverrreemnenenininiiiitly Ler err TU TA |«VVIVSINAAAAICAVVVNVOVRNNIENY «wes G ar ghpppy yf N EEN ! «=v 


ODONATA 
Argia sp. 





Nh LETT TTC === AORTA =A NEHA 


LEPIDOPTERA 


COLEOPTERA 
Stenelmis sp. 
S. sp. 

Narpus sp. 


nt CCN NLL oo 7 aT or NRE 


Psephenus sp. 





ESPEN nNNNNNNNNNNNNNNNANNNNARRRITD == SSTIIISSIIVIOLIIOININQIIN FR AMIN 





scene peepentneanataannennneann tnnnnenaaeanitice hendeabetaniammenenmennmnannnnnnnnnnanmmmmeniiiaedtardesnnmitrecaaansacomunenmmmetesmee neem titans ness cree coche anaaaenn aan TUTTTTT ah neta ennnnenne ne 





be iin nn nnn ease aanaaanaannanannanslien <2 toe eenenaraasanananltCs on am ps.cons.ss21121 ee nanannmnnninman nnn ne mmmmemmtihtiitbanaeaen nt tiene neemmmmmemmmmn iii diiniieunnnnnnenmmmmias 














NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 











DIPTERA 
Tabanus SP. 
Hexatoma sp, 
Tendipedidae 











MISCELLANEOUS 























BENTHOS ANALYSIS 


STREAM. Buffalo Creek STATION EB-1 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 





ANNELIDA 
Qligochaeta 


MOLLUSCA 
Gastropoda 
Goniobasis Sp. 


| Lt 


ih 


Ferrissia sp. 


Pelecypoda 


CRUSTACEA 
Phyllopoda 


Amphipoda 
Gammarus Sp. 


Isopoda 
ss 


ILE TE TE VPP TITTEEEF 


Decapoda 
reonectes Sp. 


























REMARKS: 


368 





| 





oad 








40 








No 





| 


i 
OV 








PET TETT| 


Mt 


TAXA 22 


EPHEMEROPTERA 


Stenonema nepotellum 


S. tripunctatum 

S._interpunctatum 

Isorychia sp. 

Heptagenia maculi- 
pennis 

Baetis Sp. 

Centroptilum sp. 











ODONATA 
Gomphidae 














HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 


) 























frome 





posed 
cH 





DATE 8-18-64 


FN ee names 


DIVERS ITY 





TRICOPTERA 


Cheumatopsyche sp. 
Helicopsyche sp. 


LEPIDOPTERA 


meal 


COLEOPTERA 


Tropisternus Sp. (A) 
Psephenus Sp. (A) 
P. sp. (L 


OptioservuS sp. (A) 
O. sp. (CL 


Stene lmis Sp. (A) 
S. sp. (L 


MISCELLANEOUS 


anno nema 
ann Leeman 
nn nnn 


nnn mt 


TELGLERLE UT UULITTTTTTTT HE 


TAIT 


| 


BENTHOS ANALYSIS 


oe 


STREAM Ruffalo Creek STATION_pp-] | DATE _13-9-44 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Goniobasis sp. 
Helisoma sp. 
Ferrissia sp. 





Pelecypoda 





CRUSTACEA 
Phyl lopoda 


Amphipoda 





Isopoda 
Lirceus sp. 


Decapoda 
Orconectes sp. 


(im.) 


INSECTA 
PLECOPTERA 


Neoperla clymene 
Acroneuria arida 


Neophasgonophora 
capitata 


REMARKS: 


226 


TAXA 23 


E PHEMEROPTERA 


Baetis sp. 
—isonychia sp. 

Stenonema inter- 
——_punctatum 
_5. nepotellum 


o. tripunctatum 
SS. 8s im. 


























DIVERSITY 


TRICOPTERA 


Helicopsyche sp. 

Cheumatopsyche sp, 

Hydropsyche sp. 
—Gaborius sp. 
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REIMAN, == rv ILA, =| CITERGANUHINN: §—«===—‘“HNn a/R it AHN taeiiiinniih «FETT 


ODONATA 
Gomphidae (im. ) 








LEPIDOPTERA 


COLEOPTERA 


Psephenus sp. (L) 
Optioservus sp. (L) 
Stenelmis sp. (L) 
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10 








wr 








NEUROPTERA 


MEGALOPTERA 
._Corydalus cornutus 











MISCELLANEOUS 


5 ceeeatannnenhieaammntanenentll 
PREETI ERROTTOITRCETNC DAE = IE NRE enone eee tN eee iH AOS POE TGR ET SPCC «| TiciiriteeemeneanctReNUREIIRPICERRSIM =u ASRS roe ironic EE A ETAT I TTT 








STREAM Buffalo Cr. 


NUMBER OF ORGANISMS 


Gastropoda 
Goniobasis sp. 
Ferrissia sp. 
Planorbula sp. 














Pelecypoda 





CRUSTACEA 
Phy llopoda 





Amphipoda 








Lsopoda 
Lirceus hoppinae 


Decapoda 


Orconectes peruncus 











Hydroperla nalata 


S246 We Te Dearie ign 


1845 


30 








19 








600 








ew) 








20 


Isoperla richardsoni 50 


Allocapnia sp. 
Tsoperla clio 


Neophas gonophora capitata 4 
Acroneuria arida 80 




















BENTHOS ANALYSIS 


STATION Eb-1 


TAXA 40 


E PHEMEROPT ERA 
Ephemerella invaria 
Ephemere lla bicolor 
Isonychia sp. 
Baetis sp. 
Stenonema ares 

. nepotellum 
Sipholonurus sp. 
Heptagenia sp. 


il 


Paraleptophlebia sp. 




















ODONATA 


| 


ETI TEER TEA 














HEMI PTERA 




















MEGALOPTERA 


Coryda lus cornutus 





| 


rd 
> 





Cad 





pow 
00 





Lo 
a) 





in 
wn 





a 





ee 
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DATE 2-10-65 


DIVERS ITY 





TRICOPTERA 
Pycnopsyche sp. 


Helicopsyche sp 


Clossosoma Sp. 


Cheumatopsyche Sp. 


Chimarra obscura 


ENaC At A Te 
Hydropsyche bifida 


LEPIDOPTERA 


na 


COLEOPTERA 

Psephenus sp. (L) 
tenelmis sp. (L 
ptioservus sp. (L 


nT Te satseeaeeammeaeualadl 
Optioservus sp. (A) 
Sopa a ke cate 
meeeervvvsisenmarecmmmO NANO ETON 
ee a teenaitel 
1 cache eect Sail ellie 
stanammmssaeaeeenneneseaaaaensnnnennerneatelN ALTA aN 
ee ee ee 
DIPTERA 

Tabanus Sp. 
Chrysops sp. 

Antocha sp. 
Simulium sp. 
Tendipedidae 
nel 
nae TTTTTTT rl 
ve  aemmmmmmueedl 
TT eeeammel 
MISCELLANEOUS 

Acari 


PREIS eames teeeeeaanmmnenaemmmenimmmmmuuieel 


Temata sieeemmn meneame 


aa eeetinnagem nt tnsatnianrsssinnnmmanacccwnisnsnumetsentton ttle tee, 


eval 
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BENTHOS ANALYSIS 





























DATE  5-5-65 


DIVERS ITY 


TRICOPTERA 


14 Caborius sp. 
Hydropsyche sp. 
Polycentropus sp. 
Limnophilae sp. 


“Pa tren merrier Tac Hn pet rarer pect cats tt 
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LEPIDOPTERA 





COLEOPTERA 
Psephenus sp. (L) 
‘Stenelmis sp. (L) | 
S. sp. (A) 
Optioservus sp. (L) 

- sp. (A 
Ectoparia sp. (L) 
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Pseudolimnophila 


Chrysops Sp. 
Tendipedidae 





























TTT i $j.\. nnn. ( TEIN — —§ Vihwre=—mn tT 








STREAM Buffalo Cr. STATION Eb-1 
NUMBER OF ORGANISMS 1439 TAXA 37 
PLAT YHELMINTHES EPHEMEROPTERA 
Paraleptophlebia praepedita 
Hentagenia sp. 300 
Baetis sp. 125 
ANNELIDA Pseudocloeon sp. 80 
Oligochaeta 6 Isonychia sp. 75 
Rhithrogenia sp. i a 
MOLLUSCA Ephemerella bicolor 35 
Gastropoda B. invaria 15 
Goniobasis sp. 1 Stenonema ares “S50. 
‘S. interpunctatum © 22 
‘S. nepotellun —Ss 257 
Pelecypoda 
CRUSTACEA 
Phyllopoda 
ODONATA 
Amphipoda Gomphidae 2 
Allocrangonyx pellucidus 5 Argia sp. 1 
Stygobromus sp. 1 
Isopoda 
Lirceus sp. 225 
Decapoda HEMI PTERA 
INSECTA NEUROPTERA 
PLECOPTERA 
Neoperla clymene 18 
Acroneuria arida 60 
Neophasganophora capitata / MEGALOPTERA 
Perlesta placida 6 Corydalus cornutus 2 
Isoperla bilineata 1 
. Allocapnia sp. | 
REMARKS : 


MISCELLANEOUS 











BENTHOS ANALYSIS 


STREAM James River STATION J-] DATE 3 ~ 3-64 aes 


NUMBER OF ORGANISMS 433 TAXA 19 DIVERSITY 


PLATYHELMINTHES 


ANNELIDA 


rom 


MOLLUS CA 
Gastropoda 


| 


Pe lecypoda 


| 


TTT 


CRUSTACEA 
Phyl lopoda 





Amphipoda 








Isopoda 








Decapoda 
Orconectes sp. 











INSECTA 
PLECOPTERA 
Neoperla clymene 
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REMARKS: 
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EPHEMEROPTERA 
[sonychia sp. 

~baectis Sp. 

_Tricorythodes sp. 

~CaeniS Sp. 
Stenonema sp, (im.) 
S. pulchellum 


S._ nepotellum 
S. ares 














ODONATA 
Gomphidae (im 


: 














HEMI PTERA 














NEUROPTERA 


























pot 
wr 
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1 


MTT 


TRICOPTERA 


_Cheumatopsyche sp. 
_Chimarra obscura 


LEPIDOPTERA 


en eel 


COLEOPTERA 


Pse phenus sp. (1) 
Stenelmis sp. CL) 


MISCELLANEOUS 


—— nein 
nn EEE anne 
anatmme semanas eis AeO Stead Tre NaNO 


pe en a mnen amacrine al 





|| | 
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STREAM James River 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 

Goniobasis sp. 

Ferrissia sp. 


805 














BENTHOS ANALYSIS 


STATION J-1l 


E PHEMEROPTERA 
Isonychia sp. 
Ephemera guttulata 


is sp. 


Paraleptophlebia sp. 


Pseudocloeon sp. 
Stenenoma inter- 
punctatum 
9. bipunctatum 
S. pulchellum 
S. nepotellum 


TAXA 31 


100 





i 





























DATE 10-19-64 


DIVERSITY 


TRICOPTERA 


Psilotreta sp. 
Chimarra obscura 
Helicopsyche sp. 
Cheumatopsyche sp. 


La 























Pelecypoda 








CRUSTACEA 
Phyl lopoda 


Amphipoda 
us stygzius 


Isopoda 


Decapoda 


Orconectes sp. (im.) 








INSECTA 
PLECOPTERA 
Neoperla clymene 
Neophas gonophora 
capitata 





VTL 





REMARKS : 
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ODONATA 











COLEOPTERA 


Psephenus sp. (1) 
Stenelmis sp. (L) 
S. sp. (A) 
Optioservus sp. (L) 


Helichus sp. (A) 
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NEUROPT ERA 


MEGALOPTERA 
Corydalus cornutus 


TITLE I 





DIPTERA 
Simulidae 
Hexatoma sp. 
Tendipedidae 

















MISCELLANEOUS 
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BENTHOS ANALYSIS 


STREAM James River sss CSC STATION -1 


NUMBER OF ORGANTSMG 


PLATYHELMINTHES 


li 





MOLLUSCA 
Gastropoda 
ss 





Pe lecypoda 





CRUSTACEA 
Phyl lopoda 


Amphipoda 
Allocrangonyx sp. 


Isopoda 
ellus s 





Decapoda 


TT 











Brachyptera fasciata 
Neophasgonophora sp 


Neoperla sp. 
Hydroperla sp. 
Atoperla sp. 











ULI 


| 











774 








25 














oO 





25 


EE cst Senne ee ere nee 


TAXA 


EPHEMEROPTERA 


Ephemera simulans 
Ephemerella invaria 
Leptophlé@bia sp. 
Potomanthus sp. 
Isonychia sp. 


Paraleptophlebia Sp. 


Stenonema ares 


tN ama fe ET HEN AST TN I BA EEA 
S. interpunctatum 
S. tripunctatum 











ODONATA 

















HEMT PTERA 














NEUROPTERA 








MEGALOPTERA 
Corydalus cornutus 


I 
































DATE __1-8-65 


DIVERSITY 


= empresas anaes astnenniassamanaaaa ante aaiaataiaaesate ETE 








TRICOPTERA 


He Licopsyche sp. 
Chimarra obscura 


Caborius sp. 
Glossosoma SD. 


Hydropsyche bifida 
Cheumatopsyche sp. 


LEPIDOPTERA 


TTT seenamie al 


COLEOPTERA 
Psephenus sp. (L 


Stenelmis sp. (L) 
S. sp. (A 


MISCELLANEOUS 


—— nm 
nen Onna 
ee amma 


PTT ITT einmnemmmuamall 


PLLLE TELTTTLELE LL UTTTTTT TREE 


HII 





STREAM James River STATION J - 
NUMBER OF ORGANISMS 244 TAXA 32 
PLAT YHELMINTHES E PHEMEROPTERA 

Rhithrogenia sp. 
Leptophlebia sp. 
Ephemera simulans 
ANNELIDA Isonychia sp. 
Oligochaeta 3 Ephemerella invaria 
Pseudocloean sp. 
MOLLUSCA Baetis sp. 
Gastropoda Heptagenia sp. 
Goniobasis sp. 4 Stenonema ares 
S. interpunctatum 
o. tripunctatum 
S. pulchellum 
S. nepotellum 
Pelecypoda 
CRUSTACEA 
Phyllopoda 
_..... ODONATA 
Amphipoda Argia sp. 
Isopoda 
Decapoda HEMI PTERA 
INSECTA NEUROPTERA 
PLECOPTERA 
Allocapnia vivipara 3 
Neoperla clymene 6 
Nemoura venosa 2 MEGALOPTERA 
Acroneuria arida 1 
Neophasganophora capitata 1 
- Isoperla minuta 11 
: 1. richardsoni 16 
~Perlesta placida 3 


REMARKS : 





BENTHOS ANALYSIS 


coe 


























DATE 
_DIVERSITY 


TRICOPTERA 
Chimarra obscura 


Neophylax sp. 
Cheumatopsyche sp. 


bad 


4-27-65 

















LEPIDOPTERA 


COLEOPTERA 








EEE ETE! 
lenin aan enn a ak kak 2a come ememnet eens or epee ecneaemnmimmaaimmisa saad aneoasamrennaeieni ani eid 





ee | so aneaatehteaeeabdeanaennuuuntl 
RAE G REEL GEE OTT PARALLEL T ESTO TL ISI O OOPS SOIC LL LT TTT TIT, eat aaaaaaataadaanaadeadinaanaaaamamaamammaadiniietnal 



































DIP nRA 
Tendipedidae 


Hexatoma sp. 























MISCELLANEOUS 

















STREAM James River STATION 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


{TTT TTTTT— PLEO eNeRnanentenine 
ea 


ANNELIDA 
Oligochaeta 


Hirudinea 
MOLLUSCA 
Gastropoda 


Goniobasis Sp. 


nia ssesesesenenenens ee 





Pelecypoda 


—S-phaerium_=sp— 
+ | rae 
backi 
CRUSTACEA 


Phyllopoda 


Amphipoda 


‘ENT UT 47907 Esso RNRNNNNNNNANON 


[sopoda 


ST TE 


—_—e Se 


Decapoda 
—Orconectes longi-_ 
——digitus 
Os SPe 


ee te ann 


INSECTA 
PLECOPTERA 


Neoperla clymene 


388 








BENTHOS ANALYSIS 


J-2 


TAXA 26 


EPHEMEROPTERA 


Caenis sp. 
Tricorythodes sp. 

















ODONATA 

















HEMI PTERA 











NEUROPTERA 





MEGALOPTERA 


Corydalus sp. 
Sialis sp. 



































DATE_ 8-3 -64 


DIVERS ITY 





TRICOPTERA 
Chimarra obscura 
Heliopsyche sp. 




















Psephenus sp. (I) 
P. sp. (A 


Optioservus sp. (L 


Stenelmis sp. (L 
S. (A) 

















DIPTERA 








TTT ER TTT EEEEP [) 














MISCELLANEOUS 














LT TTT TTT ERP 


Hl 


38 


STREAM James River 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 


ANNELIDA 


Oligochaeta 
Hirudinea 
MOLLUSCA 
Gastropoda 
Physa _ sp. 
Goniobasis sp. 
Ferrissia sp. 


Pe lecypoda 


Sphaerium sp. 
Psidi 


CRUSTACEA 
Phyllopoda 


Amphipoda 


Isopoda 


Decapoda 
Orconectes menae 


. SP. im. 





INSECTA 
PLECOPTERA 
Acroneuria arida 


Neophasgonophora 
capitata 





REMARKS: 


601 




















BENTHOS ANALYSIS 


STATION J-2 


TAXA 38 


E PHEMEROPTERA 


Potomanthus sp. 
Ephemera euttalata 
Lsonychia sp. 
Caenis sp. 
Ephemerella sp. 


oph ia sp. 


-Leptophlebia sp. 


ODONATA 


Argia sp. 


Gomphidae (im. 












































DATE 10-20-64 


DIVERSITY 


TRICOPTERA 
Helicopsyche sp. 
Chimarra obscura 
C. aterrima 


Cheumatopsyche sp. 
Hydropsyche arinale 


LEPIDOPTERA 


COLEOPTERA 


Optioservus sp. (L) 
Psephenus sp. (L) 
Stenelmis sp. (L) 
S. sp. (A) 

Dinetus sp. (A) 


ee 





pont 





mn 





60 





foment, 


























een rnnnnnnnnnnnnerere + REE ees svrrrnrennnernnnrt vn wwe OwWWOETT EE NNUUUTnrTnTnnNWwwnwOwTVV0T ||| WOOhiSScunTrnnnTrnnrrnreeey Sc errrnreennrrerne eyes URE Seccunrnrnnennnnrnrweerere7Y SSS aT ITT nn nev TUSUT aa necesita 














NEUROPTERA 


MEGALOPT ERA 
Corydalus cornutus 





Tendipedidae | 
Simulidae 


Hexatoma sp. 























ieee a meiiieaeaaaaiiiel en  aeeenemmebenauall St erent BE IEE IE SE OD BEI spsiiiiiiieaeennnnammmmntial 


A  §=§» «TTT TREE «MNRAS «= HNIC SNE iiinnniinnnnnnnn «HNN, 








See einen emma ii ataeteuineiceitetstee amended aoe tctaendetsiinnidan dt in ati EEE etnias dbbitin:ban sent mm in tsa sectarian eaanunnner mmc ee 


R= A AC ee 


oe) 


9 






































STREAM James River STATION = 55 2 
NUMBER OF ORGANISMS_ 629 TAXA 37 
PLAT YHELMINTHES EPHEMEROPTERA 
Planaria 3 Isonychia sp. 35 
Ephemera simulans / 
Ephemerelia invaria 12 
ANNELIDA Ephemerella bicolor 9 
Qligochaeta 25. Paraleptophlebia praepedita 
Heptagenia sp. 2 
MOLLUSCA Caenis sp. 1 
Gastropoda Stenonema tripunctatum_ 3 
Goniobasis sp. 35S. pulchellum 15 
Ferrissia sp. 115 S. bipunctatum 10 
S$. nepotellum : 
Pelecypoda 
Sphaerium sp. 60 
Actinonaias ellipsiformis. 1 ceeds 
CRUSTACEA ine 
Phy Llopoda 
| ODONATA 
Amphipoda Agrionidae | Z 
Isopoda 
Decapoda HEMI PTERA 
Orcenectes sp. 3 
INSECTA NEUROPTERA 
PLECOPTERA 
-Taeniopterys maura, |. 
~Branchyptera fasciata 9. 
MEGALOPTERA 


i 











REMARKS: 


























BENTHOS ANALYSIS 















































Corydalus cornutus 









































UTTER 


DATE 


DIVERS ITY 


1-19-65 


a eee 





TRICOPTERA 
Cheumatopsyche sp. 


Chimarra S 
He licopsyche sp. 
Agapetus Sp. 


LEPIDOPTERA 


TENT Terme 


COLEOPTERA 
Psephenus sp. (i) 
Dubiraphia sp. (L 
Stenelmis sp. (L 
Stenelmis sp. (A 
Optioservus sp. (L 


MISCELLANEOUS 


a eal 
nT es tmaaaes mean 
Tween Tn saan 


nT ntl 


TUL}EEEb UIILTEEELE I] LLTTITTTTT BREE 


iI 


STREAM James River 
NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Goniobasis sp. 


Pelecypoda 


CRUSTACEA 
Phy 1lopoda 


Amphipoda 
Isopoda 


Decapoda 
Orconectes sp. 


INSECTA 


PLECOPTERA 
Neoperla clymene 


Perlesta placida 
Neophasganophora sp. 


REMARKS: 


166 











BENTHOS ANALYSIS 


STATION J-2 


TAXA 


EPHEMEROPTERA 


Potomanthus sp. 
Ephemerella bicolor 
E. invaria 
Heptagenis Sp. 
Ephemera simulans 
Rhithrogenia sp. 
Caenis sp. 
Stenonema ares 

So. interpunctatum 
o. tripunctatum 

S. bipunctatum 

9. nepotellum 






































DATE 
DIVERS ITY 
TRICOPTERA 


Chimarra obscura 


Cheumatopsyche sp. 


ARERR REE bO NTIS RRR EER EC I TTS SES AL aaa aaa eee =— 


ODONATA 
Argia sp. 


LEPIDOPTERA 


COLEOPTERA 


Psephenus sp. 
Ectoparia Sp. 
Stenelmis sp. 


4-27-65 





fs 

















\Meenamaconanweneinomaionieniomionit: —=—=—=——_ IIIA DO PSS | SQSESSISSSSSSSSWGSNSSSNIISSIST, «V/V/V /s///Hn V/V III TT TT — IIIT 


TT amen cemeneanaeataeamaeaneeeenneaameenenanameameeeeanannareeeeaeeneameeeeen aha bt ee el tt nated ieee ae oem I sonsannaanuannangnuannaanuannaanannnannunanananunnnnnnune tinh ensmetninethacananaaeeieaneietattettataatetatmmnme teeta eemmeemmeemmmmmeenta en tmennnnnnnnnnnnnuuuuiil se esiiiiiiiiiiiiinainsiaaiaabill 





ARERR EREUET NRHN 8 §—«§«-|-|-—-“HIIIIRIERIRURIIERY «nt CTEM RAS ASSENT SETS tet 








NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 





DIPTERA 


Protoplasta fitchii 
Hexatoma sp. 
Tendipedidae 

















ed el tattered conemeal RRR tahiti eel ena a cea oR EEEEEEEEEEEEELE LALA ALALbLeDddddieeerr tl ———————————— a. saeanmaneannaiianel 














ee 1 ee ety ER 


BENTHOS ANALYSIS 


STREAM James River STATION a ee 


 ammpsaenaemetmmaahaens. CAH AAS NTT 


NUMBER OF ORGANISMS 169 TAXA 30 DIVERS ITY. 


nnn neem 


PLATYHELMINTHES 


ANNELIDA 
—_Oligochaeta 


MOLLUSCA 
Gastropoda 
Pleurocera Sp. 
__Goniobasis Sp. 
G. Sp. 


Pelecypoda 
——Sphaerium sp. 








3 


Amb lema p. costata p) 


CRUSTACEA 
Phyl lopoda 


Amphipoda 





lsopoda 





Decapoda 
e rob. 


—___Orconnectes sp) 





INSECTA 
PLECOPTERA 


operla clymene 

















REMARKS: 


| 





No 








re 
o> 








TTT 


TTL 


E PHEMEROPTERA 


mt 


LOU TEE VUE TUUTTTTTTREBEEEEEL 











ODONATA 

















HEMI PTERA 




















MEGALOPTERA 


Corydalus sp. 
Sialis sp. 








DATE 8-5-64 


TRICOPTERA 


LEPIDOPTERA 
Cataclysta sp. 


COLEOPTERA 


Dinetus sp. 
‘Eutrochus sp. 
GUptioservus sp. (1) 


Stenelmis sp. (CL 
S. sp. (A) 


ce NRE OETA ETT TN 





sexssn mmm EEL ON 


Tr eneneneamenemmmmal 


MISCELLANEQYS Pelecypoda 


_ Quadrula pustulosa 


Lagmigona costata 
Actinonaias ellipsi- 


formis 
Leptodea fragilis 
Lampsilis o. ventri- 


culosa 


AL UL UTLLTUTTTLT TE 





[ 





~ HEE UVTIVTTL TTT 


BENTHOS ANALYSIS 


STREAM James River STATION J-3 


NUMBER OF ORGANISMS 1,211 


2 TAXA 39 











DATE 10-20-64 
DIVERSITY 


TRICOPTERA 

_Hydropsyche berteni 
He bifid 

—_Cheumatopsyche sp, 

—Chimarra obscura 

__™rrotoptila sp. 


rH OOOO | ll -poeenaentaenetaceuiettntatatatlebin A a AEE AAT a STE OER EAR IAT Fs eeeiemenieneneniiiiiaeamaeail 








LEPIDOPTERA 
—ataclysta sp. Ss 


COLEOPTERA 


Stenelmis sp. (hh) 
S. sp. (A 


Psephenus sp. (4h) _ 





NI meres AA cS ITIP“ rE rrp HHL TIC: © Np 








SSNS sess ll SSS TTT Pf, = || rSSUAMAUAAAAAAIN === held fal SRS ORE PII einer § = 


[iereerrrrrnnenerrennennenereernervrr™ ARR. nnnnnnnnnc cee iunnennnnnnnennennenewnvenynneny ywsn WOW HTW TTT TTTOWHTTT7TOT7 ann nl ln UU SSTUSS/"EREEEEEET rrrnrrnrrnrrnrrnrnrnv’vee™™ RRR. ee ctttntspatatenttatnastattantnannanmmeen nnn niente etaetnenaaaneaaasaaaaaaaaaanaaeaannnnnnnn esse 
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ca italien Bs ennnnnnneeeetetante RR nORRR ee [ mmnememnsememnmbdiaell I tae teem cet teem ahaatatrinatannetennnnnanenenenenetnnesienenneeeiainiaenenenenm natn mmaial 








PLAT YHELMINTHES EPHEMEROPTERA 
Planaria 4 Tri thod 
oranneae oF: -5 6c 0- cae Le 
tIsonychia sp. 
ANNELIDA Pot 1 
Qligochaeta /_ Ephemera similans 
Hirudinea 1 Heptagenia sp 
MOLLUSCA Stenonema interpunc- 
Gastropoda tatum 
Gonibbasis sp. 25.0 S.pulehetium 
Ferrissia sp. 3. Suu bipunctatum 
Pelecypoda 
Psidium sp. 12 
Sphaerium sp. 80 
CRUSTACEA 
Phy llopoda 
ODONATA 
Amphipoda Hetaerina sp. 
eee eee ee Argia sp. 
Isopoda 
Decapoda HEMI PTERA 
Orconectes sp. 2 
INSECTA NEUROPTERA 
PLECOPTERA 
Neoperla clymene 100 
MEGALOPTERA 


Corydalus cornutus 
Sialis sp. 











HT «ST AT siininniitiiI I ETTNNNNNAREeY  EMEMERLNANNNnNNI~N 


eae ——=_—C«ERRL EEF = =§- Os = =§»_-«<(é‘é TNs Sa TTTNNNNrntt 


REMARKS: 


So 





























STREAM james River sss CCC STATION Jo 
NUMBER OF ORGANISMS 1073 TAXA 42 
PLAT YHELMINTHES EPHEMEROPT ERA 
Plansria 6 Tricorythodes sp. 10 
——-$__—— L'sonychia sp. _ 04 
Potomanthus sp. i 
ANNELIDA Ephemere lla gattulata 9 
Oligochageta 15 Ephemerella invaria 1 
Stenonema tripunctatum Za 
MOLLUSCA Stenonema interpunctatum 40 
Gastropoda S. nepotellum 80 
Helisoma sp: 5 S. pulchellum 120 
Lymnaea sp. 1 §. bipunctatum 60 
Gonigbasis sp. 38 Stenonema sp. 70 
Physa sp. 
Ferrissia sp. Li 
Pe lecypoda 
Sphaerium sp. 200 
CRUSTACEA 
Phy llopoda 
ODONATA 
Amphipoda erina sp. 4 
Argia sp. 10 
Gomphidae 1 
Isopoda 
Decapoda HEMI PIERA 
INSECTA NEUROPTERA 
PLECOPTERA 


Taeniopteryx nivalis 


Allocapnia vivipara 


Neophasgonophora ca 


Neoperla clymene 
Isoperla confusa 
Isoperla duplicata 





ATT 4s 















































pitata 


BENTHOS ANALYSIS 


cease emmemarrreisnacmcenennveerimiaaaatibseearNPAsSSSAA heh AMON 
































1 MEGALOPTERA 


Corydalus cornutus 
Sialis sp. 



































DATE 1-25-65 


DIVERSITY 








TRICOPTERA 
Helicopsyche sp. 
Chimarra obscura 


‘tennonanmman tiie mma tna la TAN ATTEN 
Hvdropsyche betteni 
Cheumatopsyche sp. 


LEPIDOPTERA 

a a a a eer 
COLEOPTERA 

Psephenus sp. (L 
Helichus sp. (A 
Stenelmis sp. (L 


Stenelmis sp. (A 


DIPTERA 


(et 
Atherix variegata 
Tabanus sp. 


Tendipedidae 
Simulidae 


sana AATEC TENSSOSNTT TM 
smxrwsthtnetemreetnemnamhi SAAS: ATL T 
PETES NOTTS meena 
Tr iamammuummmmmmenmmmnundiiitl 


nna 


MISCELLANEOUS 


FL 


SO 
© 








TTL 


+1 





os 
© 





oO 








TL TITEEEE TTT 


Aa 


STREAM James River 


BENTHOS ANALYSIS 


STATION J~3 


DATE 4-26-65 


NUMBER OF ORGANISMS 964 TAXA 19 DIVERS ITY 


PLATYHELMINTHES 





ANNELIDA 
Oligochaeta 


MOLLUSCA 


Gastropoda 
Goniobasis sp. 


Pelecypoda 





CRUSTACEA 
Phyllopoda 


Amphipoda 
Isopoda 


Decapoda 


INSECTA 


PLECOPTERA 
Neoperla clymene 


Perlesta placida 
Nemoura venosa 





REMARKS: 





EK PHEMEROPTERA 
Caenis sp. 
Isonychia sp. 


Rithrogenia sp. 
Stenonema ares 


S. bipunctatum 
S. pulchellum 
S. tripunctatum 





























TRICOPTERA 


Hydropsyche bifida 
Cheumatopsyche sp. 
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TT, ENS iiri i —§«« SILOS © . UrronniotEreiiiiih sSANNaN 


acne alee ed 
ATO: === HEH AYSIU === vv mmr Parl 


AO A ES AOTC 
Ter eewrerereriirseiR ARTO, emi ett ED SPs RAR rrr HANSEN A EFTGSNSSSSSSTUGTEPENNO™®, «=== FHTETONE FSS UNF en: hd FF PS TPT 


L coemmentinteenaaameagnnnnel 
EERE, NTH I EET 8 IIINEENEENEWTrririiriinitHiN. | FEEEENEENN-WTEErrrabr afr ANP assent rrr Pret APM 


ODONATA 


LEPIDOPTERA 


COLEOPTERA 
Psephenus sp. 
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re rerrrrremmayinniieriin, 
aarerowemeeeene RASA «fp ee fh ee Rh i assy tA: ERENT; =«=««=«=««(INNNNTErereerererereetrntrveh}vuteess nero hs SS IA AAAI 


pring anette 
Ce ee nn eee a ME Cre aceeaee nEEERnguEEmeen inn can emeename cameeemaneenemeentnmnenmenneeenh deed eeenenne Leann mana 


YTS 
Sinnamon kta eeaenneannnnmminnanliell 
i emteteettttttactnsnseteseenseneenanennn Nt OI ieee mmm neamameeeeeeteeecnnenee nthe inh baccinn dea atacand 


DIPTERA 

Simulidae 

Tipula sp. 
Tendipedidae 


Saale 
2 autatatnnannsatennsamammn me tt ieee mA tn ent etnnmamennananitame insane nn ee en cece mn rr cm hl nnncml 








MEGALOPTERA 
Corydalus cornutus 











Tee 
Ee Tr rr ee eases aoe teseaaeeataaneaannnnenicennnnE 
ance tenia etree ntentaddiannsl ttttinnniemn 





MISCELLANEOUS 











ed ei ed NE AE =: SH Rina RI HORE TINA 


BENTHOS ANALYSIS 


STREAM James River STATION J-4 


NUMBER OF ORGANISMS 776 





Qligochaeta 


MOLLUSCA 
Gastropoda 
Pleuricera sp. 
Goniobasis sp. 
Ferrissia sp. 





Pelecypoda 


Sphaerium sp. 
Elliptio dilatatus 


i 


CRUSTACEA 
Phy llopoda 





Amphipoda 








Tsopoda 








Decapoda 


neardioge 








INSECTA 
PLECOPTERA 
Ackoneuria arida 
Neoperla clymene 





ITTY | 























oe 


enes ) is) Ll 





i: 











ATT TTT 























Mesovelia sp. 
Microvelia sp. 














LL I 


DIPTERA 


Tendipedidae 
Hemerodromia sp. 
ery 


en saan eee ml 
































DATE 8-5-0604 
TAXA _46 DIVERSITY 
EPHEMEROPT ERA TRICOPTERA 
Ephemera guttulata 4Q0 Chimarra obscura 15 
Caenis sp. 6  Cheumatopsyche s 90 
Choroterpes sp. a (pupal) 2 
Baetis sp. 5 Hydropsyche bifida 4 
Isonychia sp. 90 “H. aerata 3 
Heptagenia sp. 8 H. simulans 1 
Ephoron album / 
Sipholonurus sp A 
Tricorythodes sp. 3 
Leptophlebia sp. aes 
Stenonema gildersleeveill | 
“3. sp..SCOté~<CSstsS—S 
“Sv nepotellum so ~ | 
S. bipunctatum cum Lis 
S. pulche et Re 
S. ares 20 LEPIDOPTERA 
eR 
COLEOPT ERA 
ODONATA Brychius SDe ele 
Argia sp. LO Stenelmis sp. (A). es 0m 
S. sp. (L at 
Psephenus sp. (i) 2 
a 
ee 
HEMI PTERA aa 
panne Ass 
pigtail 





MISCELLANEOUS Pelecypoda 


BENTHOS ANALYSIS 


STREAM james River STATION ___J-4 


NUMBER OF ORGANISMS 1 


PLAT YHELMINTHES 


ANNELIDA 
Oligochaeta 
MOLLUSCA 
Gastropoda 
F re 
Amnicola sp. 
Heliosoma sp. 
Physa §p. 00 
Pelecypoda 
-Lasmigona costata 
we _ 
CRUSTACEA 
Phyllopoda 


Amphipoda 
Isopoda 


Decapoda 


0. § im 


INSECTA 
PLECOPTERA 


Neoperla clymene 
Neophasgonophora 
capitata 


REMARKS : 


,O11 








TAXA 42 


E PHEMEROPT ERA 

Bactis sp. 

Tricorythodes sp. 

Caenis sp. 

[sonychia sp. 

Potomanthus sp. 

Ev»hemera guttulata 

Leptophlebia sp. 

Stenonema inter- 
punctatum 

S. bipunctatum 

S. pulchellum 

=». nepotel lum 


ODONATA 









































DATE 10-21-64 


DIVERSITY 


TRICOPTERA 


Hydropsyche bifida 
H. arinale 
Hydroptilidae 


Cheumatopsyche Sp. 
Chimarra obscura 


LEPIDOPTERA 
_Cataclysta Sp. 


COLEOPTERA 


_Psephenus sp. (1) 


Stenelmis sp. (A) 
S. sp. (CL) 
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Os 














TTT 


NEUROPTERA 


MEGALOPTERA 
Sialis sp. 
Corydalus sp. 














Atherix variegata 
Scatophagidae 
Simulidae 


Tendipedidae 














MISCELLANEOUS 
Pleuri 
ampsilis b 
sphaerium sp. sees 
Psidium sp. 

















STREAM James River 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 
Pleuricera sp. 
Goniobasis sp. 
Ferrissia sp. 
isoma _s 


Pe lecypoda 
Ophacrium sp. 





CRUSTACEA 
Phy llopoda 


Amphipoda 
Synurella sp. 





Isopoda 








Decapoda 
Orconectes Sp. 











INSECTA 
PLECOPTERA 
Hydroperla nalata 


Neoperla clymene 
Perlesta placida 


OR Ua ee a lh haat 
Allocapnia vivipara 
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1789 
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Branchyptera fasciata ii 
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BENTHOS ANALYSIS 


STATION  J74 
TAXA 
EPHEMEROPTERA 


Tricorythodes sp. 
Caenis SD. 


Ephemera guttulata 
Potomanthus sp. 
Hexagenia sp. 


Ephemera simulans 
Ephemerella invaria 
Leptophlebia sp. 
Paraleptophlebia sp. 


Isonychia sp. 
Stenonema sp. 
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Stenonema interpunctatum 7/0 





S. tripunctatum 
S. bipunctatum 
S. pulchellum 
S. nepotellum 











ODONATA 

















HEMI PTERA 














NEUROPTERA 





MEGALOPTERA 
lus cornutus 
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DATE 1-25-65 


DIVERS ITY 





TRICOPTERA 


Cheumatopsyche sp. 


Helicopsyche sp. 
Chimarra obscura 


FPO TERED nnn nen nn ERs 


Hydroptilidae 


LEPIDOPTERA 


SOOT TTTTTTn TT nenmmemamemmmmnanatl 


COLEOPTERA 

Psephenus sp. (L) 

Stenelmis sp. (L) 
tenelmis sp. (A) 
utrochus sp. (L 


DIPTERA 
Tabanus sp. 


Tendipedidae 
Simulidae 


ree acinaae herent SSAA OT eee 


Tipula sp. 


MISCELLANEOUS 
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BENTHOS ANALYSIS 























DATE 4-28-65 


DIVERSITY 


TRICOPTERA 
Chimarra obscura 
Cheumatopsyche sp. 
Hydroptilidae 


No 





lo 
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COLEOPTERA 
Psephenus sp. 
Stenelmis sp. 
5S. Sp. 
Lutrochus sp. 
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James River STATION J-4 
NUMBER OF ORGANISMS 490 TAXA _ 36 
PLAT YHELMINTHES EPHEMEROPT ERA 
Isonychia sp. 18 
Ephemerella bicolor 5 
Pseudocloeon sp. L7 
ANNELIDA Rhithrogenia sp. 3 
Oligochaeta 2 Iricorythodes sp. 13 
Hirudinea Z Heptagenia sp. 3 
MOLLUSCA Potomanthus sp. 1 
Gastropoda Baetis sp. Z 
Goniobasis sp. 24 Stenonema nepotellum 75 
Pleuricera sp. 5 5. interpunctatum 13 
S. pulchellum 110 
S. bipunctatum 3 
Pe lecypoda 
Sphaerium sp. 1 
Elliptio dilatatus L 
CRUSTACEA 
Phy llopoda 
ODONATA 
Amphipoda Argia sp. 2 
Isopoda 
Decapoda HEMI PTERA 
INSECTA NEUROPTERA 
PLECOPTERA 
Neophasganophora capitata 9 
Acroneuria arida Z 
Perlesta placida 9 MEGALOPTERA 
Neoperla clymene 8 Corydalus cornutus 17 











REMARKS: 














DIPTERA 
Hexatoma sp. 
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MISCELLANEOUS - Pelecypoda 


Lasmigona costata 
Anodonta grandis 
A. imbecillis 


Lampsilis brevecula 
Ee ee aie 
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STREAM 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
anaria 


ANNELIDA 
igochaeta 
Hirudinea 
MOLLUSCA 
Gastropoda 
oniobasis sp. 











Pelecypoda 








CRUSTACEA 
Phyllopoda 


Amphipoda 
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Isopoda 








Decapoda 
sp. (im 











INSECTA 
PLECOPTERA 


eoperla clymens 

















Pearson Cr. 


429 
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BENTHOS ANALYSIS 


STATION. _Jp-1 


TAXA 22 DIVERS ITY 


EPHEMEROPTERA 
[sonychia sp. 
stenonema sp. 
5S. interpunctatum 
S. tripunctatum 
S. area 
S. pulchellum 


Choroterpes basalis 


Baetis sp. 
Heptagenia sp. 
Caenis sp. 

















ODONATA 

















HEMI PTERA 














NEUROPTERA 
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TRICOPTERA 


LEPIDOPTERA 


TT Tv 


COLEOPTERA 
Psephenus sp. (L 
Optioservus sp. (L 


Stenelmis sp. (L) 


DIPTERA 
Tendipedidae 


MISCELLANEOUS 


an nl one 
i anmmemenmmeameul 
na ane 


a eenee el 


DATE 8 - 5-64 


NSTI TTT Tanai enema 
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BENTHOS ANALYSIS 
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STREAM Pearson Creek STATION. Jp-1 DATE 10-20-64 
NUMBER OF ORGANISMS 1,023 TAXA 36 DIVERSITY 
PLAT YHELMINTHES EPHEMEROPTERA TRICOPTERA 
Planaria si 100 Lsonychia sp. 15 Chimarra feria 
Caenis sp. 9 C. obscura 
Baetis sp. 150 Hydropsyche bifida 
ANNELIDA Ephemera simulans 1 Helicopsyche sp. 
Oligochgeta 84 == «|. 80S Leptophlebia sp. 3 Cheumatopsyche sp. 
Hirudinea 4 Pseudocloeon sp. 4 
MOLLUSCA Centroptilum sp. 14 
Gastropoda Heptagenia sp. 7 
Goniobasis sp. 85 Stenonema ares 18 
Amnicola sp. 47. $§. interpunctatum 45 
Ferrissia sp. 3 S. pulchellum 75 
Pelecypoda 
Sphaerium sp. 3 
_..._-—~«LEPIDOPTERA 
CRUSTACEA — 
Phyllopoda COLEOPTERA 
ODONATA Prilodactylidae 
Amphipoda Calopterygidae 2 Psephenus sp. (L) 
Hyalella azteca 1 Narpus sp, 
__._—s«__stenelmis sp, (L) 
Isopoda nn en a: 2° Oe O.  ee e 
O. sp. (A 
Decapoda HEMI PTERA 
Orconectes sp. 3 
DIPTERA 
Simulidae 
INSECTA NEUROPT ERA Tendipedidae 
PLECOPTERA Tipula_ sp. 
Acroneuria arida 2 
Neoperla clymene 2 
MEGALOPTERA 
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STREAM Pearson Creek STATION 


NUMBER OF ORGANISMS 1384 


PLATYHELMINTHES 


* 


ANNELIDA 


OQligochaeta 
Hirudinea 
MOLLUSCA 


Gastropoda 
Goniobasis sp. 
Ferrissia sp. 





Pe lecypoda 








CRUSTACEA 
Phyl lopoda 





Amphipoda 








Isopoda 








Decapoda 











INSECTA 
PLECOPTERA 
onophora 
itata 
Acroneuria arida 
Isoperla confusa 


HITTER 


Brachyptera fasciata 
Isoperla richardsoni 
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BENTHOS ANALYSIS 


Jp-1 


DATE 1-18-65 


AEE a Senn mum 


TAXA 


S. pu chellum 

















ODONATA 

















HEMI PTERA 














NEUROPTERKA 
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TTT 


qT 


| | 


DIVERSITY 





TRICOPTERA 
_Helicopsyche sp, 
Cheumatopsyche sp, 
Hydropsyche bifida 
_H. glossonae 
_Agapetus sp, 
_Chimarra obscura 


LEPIDOPTERA 


arnnememaeenemmererte ecco aeRO ASN NARA 


COLEOPTERA 
Psephenus sp. (L 


Optioservus Sp. (1) 
O. Sp. (A) 


DIPTERA 
Simulium sp. 
Antocha sp. 
Tendipedidae 





MISCELLANEOUS 
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BENTHOS ANALYSIS 
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Pearson Cr. STATION JIp-l DATE 4-27-65 
NUMBER OF ORGANISMS 537 TAXA 27 DIVERSITY 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
Planaria 3 Caenis sp. 16 Cheumatopsyche sp. 
Baetis sp. 120 
Isonychia sp. 15 
ANNELIDA Heptagenia sp. 18 
Oligochaeta 2 Paraleptophlebia sp. 1 
Hirudinea 4 Stenonema ares 2 
MOLLUSCA o. interpunctatum 36 
Gastropoda S. nepotellum 4 
Goniobasis sp. 102 S. pulchellum 18 
Pelecypoda 
Psidium sp. 1 
LEPIDOPTERA 
CRUSTACEA 
PhyLllopoda COLEOPTERA 
ODONATA Psephenus sp. (2) 
Amphipoda Optioserrus sp. (L) 
Gammarus fasciatus LS Stenelmis sp. (L) 
~ -‘JTsopoda 
Decapoda HEMI PTERA 
Orconectes sp. iL 
DIPTERA 
INSECTA NEUROPTERA Tendipedidae 
PLECOPTERA 
Perlesta placida 4 
Isoperla richardsoni 2 
Neophasgonophora capitata ILMEGALOPTERA 
Neoperla clymene l 
Nemoul venosa l 
MISCELLANEOUS 
REMARKS: 


BENTHOS ANALYSIS 


STREAM ¢ guiotaCreak  ______ STATION JIs-1 


NUMBER OF ORGANISMS 178 TAXA 13 DIVERS ITY 


PLATYHELMINTHES 





ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 
S 














Pelecypoda 








CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 








Decapoda 
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Baetis sp. 
Stenonema inter- 


punctatum 


S. tripunctatum 











ODONATA 

















HEMI PTERA 
Gerris sp. 
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DATE. 8-4-64 


TRICOPTERA 


LEPIDOPTERA 


TTT neeanenen ans 


COLEOPTERA 
—Optioservus sp fl) 


DIPTERA 
Tendipedidae 


MISCELLANEOUS 
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BENTHOS ANALYSIS 








DATE 


DIVERS ITY 


TRICOPTERA 


10-19-64 
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LEPIDOPTERA 


COLEOPTERA 
Psephenus sp. (10 


S. sp. (A 


Optioservus sp. (L) 
Narpus sp. (Ll) 
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_Simulidae oo 
Tendipedidae 
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STREAM Sequiota Creek STATION Js-1l 
NUMBER OF ORGANISMS L737 TAXA 30 
PLATYHELMINTHES E PHEMEROPT ERA 
Planaria 4_ _Caenis sp. 250 
—Baetis sp. _ 475 
—Isonychia sp. of) 
ANNELIDA Heptagenia sp. ee 
Oligochaeta LL _Stenonema tripunc- 
Hirudinea 24 tatum 85 
MOLLUSCA S. interpunctatum 140 
Gastropoda GS. sp. (im) 100 
Physa sp. (is LO 
Lymnea spo 6 
Eerrissia sp. 14 
Pelecypoda 
Sphaerium sp. 40 
Psidium sp. 17 
CRUSTACEA 
Phyllopoda 
ODONATA 
Amphipoda Argia sp. 27 
Isopoda 
Asellus SP. 1 
Decapoda HEMI PTERA 
Orconectes sp. (im,) 6 Rhagovelia sp. 3 
INSECTA NEUROPTERA 
PLECOPTERA ———— 
MEGALOPTERA 
__s- Corydalus cornutus | __ a 
REMARKS: 





MISCELLANEOUS 























BENTHOS ANALYSIS 
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DATE 1-25-65 


DIVERS ITY. 


Stenonema interpunctatum 140 Chimarra obscura 
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STREAM Seguiota Cr. STATION Js-1 
NUMBER OF ORGANISMS 1281 TAXA 29 
PLATYHELMINTHES E PHEMEROPT ERA 
Planaria 6 Isonychia sp. 
Caenis sp. 
Baetis sp. 
ANNELIDA 
Oligochaeta | _?. Stenonema tripunctatum 200 
Hirudinea 2 
MOLLUSCA ae ee 
Gastropoda 
Lymnaea sp. 8 
Physa sp. 120 
Ferrissia Sp. LO “3 : 
A, een ee a ee 
Pelecypoda 
Sphaerium sp. 6 
Psidium sp. a5 
CRUSTACEA 
Phy 1 lopoda 
ODONATA 
Amphipoda Argia sp 
LN tet OCTET yin cemetetiNNiainsaarenii, ‘With eiitiaaanmmmmapNi 
Isopoda 
ee oe 
Decapoda HEMI PTERA 
Orconectes sp, 2 
prenatal 
a ee eee 
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INSECTA NEUROPTERA 
PLECOPTERA 
ee ee ee 
ee a a ee ee 
MEGALOPTERA 
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LEPIDOPTERA 





COLEOPTERA 

Psephenus sp. (L) 
tenelmis sp. (A 
ptioservus sp. (L 
ydaticus sp. 

















DIPTERA 
Simulidae | 
Tendipedidae 
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STREAM Sequiota Cr. 


NUMBER OF ORGANISMS 313 


PLAT YHELMINTHES 


ANNELIDA 
Oligochaeta 


Hirudinea 
MOLLUSCA 
Gastropoda 


Physa sp. 4 





BENTHOS ANALYSIS 


OTATION Js-t 


TAXA 


Ek PHEMEROPT ERA 


Caenis Sp. 
Isonychia sp. 
Baetis sp. 


fend 
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Stenonema tripunctatum 3 


oO. interpunctatum 








DATE 4~27-65 
DIVERS ITY 


TRICOPTERA 
Cheumatopsyche_ sp. 


un 
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Pelecypoda 


Sphaerium sp 5 
Psidium sp. 9 








CRUSTACEA 
Phy Llopoda 


Amphipoda 


Isopoda 


Decapoda 
Orconectes eupunctus 


ODONATA 
Argia sp. 





COLEOPTERA 


Psephenus sp. 
Stenelmis sp. 
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INSECTA 
PLECOPTERA 


Perlesta placida 1 











NEUROPTERA 


MEGALOPTERA 





DIPTERA 
Tendipedidae 
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BENTHOS ANALYSIS 


STREAM James River STATION J-> 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 


ANNELIDA 


* 


irudinea 


MOLLUSCA 
Gastropoda 
Ferrissia sp. 
Pleuricera sp. 
Goniobasis sp. 














Pelecypoda 





CRUSTACEA 
Phy Llopoda 





Amphipoda 








Isopoda 








Decapoda 
onectes sp. 
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PLECOPTERA 
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DATE _8-5-64 
492 TAXA 28 DIVERS ITY 
E PHEMEROPTERA TRICOPTERA 
1 _Baetis sp, ss 35 Chhiimarra obscura 
_Tricorythodes sp. 25. —Cheumaio psyche sp. —1O- 
—Ephorop_ap 2 
Ephemera sp. ene em 
—Potamanthus Sp, 
_Caenis sp, - 60 Ll eee 
_Choroterpes sp. a eee, mes 
14 eae TARTS ee 
nage Stenonema inter- Oe 
sce, cee UDC CS EG (ee 
5. ares je 
S. tripunctatum rene 
S. nepotellum 0 
40 S. bipunctatum 25 
S. sp. 25 LEPIDOPTERA 
Se inti atta, iguaaieaaes 
COLEOPTERA 
__.__: ODONATA _Stenelmis sp. (I) — 2 
Argia sp 10 S. (A) Oe > 2a 
CETTE <cceaneat LLL ARAN 
ee Sa eee 
ccna =A — RES 
ee ese Ecce anes eign cetea teeta 
aes i 
HEMI PTERA i 
5 wa gag hi et. oa 
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ee ______—*CDIPTERA 
Tendipedidae 95 
NEUROPTERA ese cia 
ccicemaieat a — ESAS 
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cS, eee 
MEGALOPTERA aS er ne 
Sialis sp. 6 ee. eeleaaeietes 
Corydalus sp. 4 os 
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STREAM James River 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 





ANNELIDA 


Oligochaeta 

Hirudinea 

MOLLUSCA 
Gastropoda 


Goniobasis sp. 
Ferrissia sp. 
Pleuricera sp. 


Pelecypoda 
Lampsilis r. sili- 


___ quoides 
Sphaerium sp. 


CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 


Decapoda 


Orconectes sp. (im.) 


QO. mais 





INSECTA 
PLECOPTERA 


REMARKS: 


457 


38 


BENTHOS ANALYSIS 


STATION J-5 





TAXA 22 


E PHEMEROPTERA 


























DATE 10-21-64 


DIVERS ITY 


TRICOPTERA 
Cheumatopsyche sp. 


TTT 
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ODONATA 
Argia sp. 





LEPIDOPTERA 


COLEOPTERA 


Ectoparia sp. (Li) 


Stenelmis sp. (L) 
S. sp. (A 
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MEGALOPTERA 
Ciali 





MISCELLANEOUS 








ee ee: cc) 


oTREAM 


NUMBER OF ORGANISMS 648 TAXA 23 


PLAT YHELMINTHES 
ee es 
cee 


ANNELIDA 
Gligechaata oo 
Hirudinea 
MOLLUSCA 
Gastropoda 
g i ens 
Coninhasi 
-Pleurocera sp. 
a P 
Pelecypoda 
Sphaerium sp. 


een 


CRUSTACEA 
Phyllopoda 


Amphipoda 
-Hyallelia azteca 
-Gammarus Sp. 

Isopoda 
SS eS ee ee ae 


Decapoda 


Orconectes sp. 
eee 
te 
SANTANA AULLEE UNH RUUNNAEReene te UNNRRRtinNnge 


INSECTA 
PLECOPTERA 


























|| 





| 


PTTL TTT | 


BENTHOS ANALYSIS 











STATION. -5 DATE 2-92-65 
DIVERSITY 
EPHEMEROPTERA TRICOPTERA 
fotomanthus sp. 2 Cheumatopsyche sp, 
Stenonema tripunctatum 60 0 2 
a. interpunctatum _ 10 
Caenis sp. 140 























HEMI PITERA 








NEUROPTERA 





MEGALOPTERA 


Corydalus cornutus 
Sialis Sp. 








IT TITEL] 


HT | 


| 








HITT 





TTTTTTTT TE 





LEPIDOPTERA 


COLEOPTERA 
Ectoparia sp. (L 


Limnius sp. (A) 


tenelmis sp. 


-TTTLT ERR TTTTTLT BEE I 























MISCELLANEOUS 
Clad cera 

















STREAM 


NUMBER OF ORGANISMS 429 TAXA 3 


PLAT YHELMINTHES 








ANNELIDA 
Oligochaeta 
Hirudinea 
MOLLUSCA 
Gastropoda 
Amnicola sp. 
Goniobasis sp. 


Pelecypoda 


Sphaerium sp. 
Carunculina glans 


Lampsilis r. siliguoides 1 


CRUSTACEA 
Phyllopoda 


Amphipoda 
Crangonyx sp. 


Isopoda 
Lirceus sp. 


Decapoda 
Orconectes luteus 





INSECTA 
PLECOPTERA 


Neoperla clymene 
Perlesta placida 


REMARKS : 


James River 


Se EEEEnaishaadittehthnnamnemmemdd 





BENTHOS ANALYSIS 


STATION J-5 


EK PHEMEROPTERA 


Caenis Sp. 


Isonychia sp. 
Pseudocloeon sp. 


Baetis sp. 
Heptagenia sp. 


S. tripunctatum 
S. interpunctatum 
S. bipunctatum 


Lad 











DATE 
DIVERS ITY 


TRICOPTERA 

Chimarra obscura 
Hydropsyche simulans 
H. betteni 
Cheumatopsyche sp. 


4-28-65 














ee SSS SCTTSSSOS, <A AD tea SAIPAN: hhh mmr nti IHN RC ARRANCAR = ‘ane patrteiilis 


ATER OITA IMRT carrer EET SSR PP HOSTED AAG ARETE? «<< SFNSENCGESSSSSSSSSSSSVTVESAWWCP0D©©=======_ a. casas SAA dR OER |e rrereereroreeeseiaiiiiat 


AAA = SR LN RAMON: 8 EIN = tal NINN NnNNNNNNNNRADCCE  §—§—§— lif 


ttt ineaeneaen nnn on intaisebbeaaeneannnannnnnmmmnctenten tEcneensenane mn osaenensamtaanent oan oospnnnneeeminaaintaeein 7 raneasaaen et eeemTaeaunapanamaannepaaauaaaapeannnnemennneeennnNeeb Annan eseatnannnndniasen tential” 





1 











ODONATA 
Argia sp. 














PEACE OEE Nee cee ntti SA RRA ACOINT A RRRROOEREEETEES «== IRIE attr RESEARCH SSS PSSA AMREESIEAEEINNGN §——§= (RN 


RLS RACECAR TILER 
nner epi ne I IESE HEE TTT ann tt LA ELECTS; «TST WNNNNSNSNCgCctcat_ ===" RNR a PET EE Ne NE TI 


Se eeeemtteeetiaettll 
PAAR AEFCC NP ROOUNN <== mmr rerrrrrerrrtte I TTT Dy SSAA TTS HHCYNNAYHACTEFFORENSSINSSSSSSTUNSSS hI RN 





san cin annem ed temmmemneetertatatatennacsneeedl 
reeves UU PASS, © «YAM///VQSVNNNNNNNNSSSSSRSSE, ===. ssbb SP 











MEGALOPTERA 
Corydalus cornutus 





DIPTERA 
Tipula sp. 
Chrysops sp. 
Tendipedidae 























MISCELLANEOUS 











Ce eed 
CR OCREEEERERARCRROEA == SREP aL A TR TTT UOTE $= SVENSSON rrr SS A I SHILA ET 








BENTHOS ANALYSIS 


<ec-e-nnun ie smapnmuurenaparitgpmmmmrespmanarcpa eeccmicccaccnte sect eee Att RES t Ocean — bs is 


STREAM_ jones River = —SC STATION__J-6 DATE _9-5-6/ 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


* 


| 


ANNELIDA 


MOLLUSCA 
Gastropoda 
ssia sp. 
obasis sp. 
ocera Sp. 
urocera 


4 


Pelecypoda > 
Sphaerium sp. 
Sphaerium sp. 


| 


~ TTT 


CRUSTACEA 
Phy Llopoda 


Amphipoda 





" ‘Tsopoda 


Decapoda 


HIE I 











INSECTA 
PLECOPTERA 











ATELY 


| 








: 
: 
6 


1326 ———s—CSTAKA 33. DIVERSITY 














| 











| 


E PHEMEROPTERA 


_ otenone ma Sp. | 


ma nepot = 


| 


_centroptilum sp. 


S sp. 
Tricorythodes sp. 


Mt 











ODONATA 


omphidae (1mm 


| 











HEMI PTERA 











NEUROPTERA 








MEGALOPTERA 
Corydalus 


oN 
© 








po 
wnt 





uw 
Wi 








pot 
wn 





oO 





povnnel, 
pot 











ed 








5 | 








IT 


TRICOPTERA 
Cheumatopysche sp. 


Hydropsyche bifida 
H. aerata 


Chimarra obscura 


LEPIDOPTERA 
a Te 


COLEOPTERA 
Stenelmis sp. (1) 
S. sp. (A) 
Optioservus sp. ft) 
O. sp. (A) 
Helichus sp. (A) 


MESGELLANEGUS ~Pe lecypoda 
Pleurobema ¢. coccineum 


P. utterbacki 


Lampsilis o. ventriculo 





ELE LULLLMVRRE TE TLLTTTLTTT EEE 


STREAM James River STATION 


NUMBER OF ORGANISMS 


2 


BENTHOS ANALYSIS 


sey ~~ otc 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 
Oligochaeta 
Hirudinea 
MOLLUSCA 

Gastropoda 
Goniobasis sp. 
Pleuricera sp. 
Ferrissia sp. 


Pelecypoda 


Sphaerium sp. 
Psidium sp. 


CRUSTACEA 
Phy llopoda 


Amphipoda 





Isopoda 


Decapoda 


Orconectes ne glectus 


INSECTA 

PLECOPTERA 

. d 
—Neophasgonophora 
a res ea: 5 or - 





REMARKS: 


16 



























































DATE 10-22-64 


DIVERS ITY 


TRICOPTERA 
Chimarra obscura 
Cheumatopsyche sp. 


Hydropsyche aerata 
H. bifida 








ee eae NIST IREIEERRRAAN «== REIERIRRIRNINNIN == vty TTA § «Napa 








LEPIDOPTERA 


COLEOPTERA 


Stenelmis sp. (L) 
S. sp. (A 
Dubiraphia sp. (L) 
Optioservus sp. (L) 
O. sp. (A 


Elsianus sp. (A) 


























{77 rallalNHaiiiHHH —SHHHHHNAARRSNN§—_aaayuetAIHHHHHR SNR: §—EF 


‘AAA =O RAEI! «=== == sgl Earn 





J-6 

918 TAXA 37 

E PHEMEROPTERA 
Tricorythodeg Sp 300 
Caenis sp. 16 
Isonvchia sp. 90 
Ephemera simulans 35 
Potomanthus sp. > 
Choroterpes sp. 3 
Leptophlebia sp. 2 
Baetis sp. 120 
Stenonema ares 17 
S. interpunctatum 45 
5. bipunctatum 220 
S. nepotellum 80 
ODONATA 

ALA BrenGQ) ne: «Oe 
HEMI PTERA 

NEUROPT ERA 

MEGALOPTERA 

Siali 2 
Corydalus cornutus _ 100. 





ATA RIIGRGEEE == EEE Ee EINER TT cr isiiiiittN = 8§. «ORAS IRR TIIERNINNHINNINNN AA TTI = ETT 


LLL TE ITT EL TL IT TEL INS TT DTT Ea APE AA: NAN NS A AE Ns ca erecta 


DIPTERA 
Na . ; 
HERB LOM SD nee 
Tendiped id 
MISCELLANEOUS 











ne A AAA MINOT = Ap A 


STREAM James River STATION j-6 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


# 


ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 
Pleuricera sp. 
Goniobasis Sp. 
Ferrissia sp. 
Helisoma sp. 
Amnicola sp. 

Pelecypoda 


Sphaerium sp. 





CRUSTACEA 
Phyllopoda 


Amphipoda 
Synurella sp. 





I[sopoda 








Decapoda 
Orconectes ozarkae 














INSECTA 
PLECOPTERA 









































-Rranchyptera fasciata_ 4 


-Hydroperla nalata 
Allocapnia vivipara 


Neophasgonophora capitata 6 
[soperla richardsoni 








HITT 











2503 TAXA 39 
EPHEMEROPTERA 
32 Caenis sp. 
Tricorythodes sp. 
Potomanthus sp. | 
Isonychia sp. 
23 Ephemera simulans 
36 Leptophlebia sp. 
Pseudocloeon sp. 
Sstenonema sp. 
11 868. tripunctatum 
20 S. bipunctatum 
45 S. nepotellum 
Z S. pulcheilum 
ie 
120 
ODONATA 
regia ap. 
2 
1 HEMI PIERA 
NEUROPTERA 
__t 
2 MEGALOPTERA 





a 





BENTHOS ANALYSIS 






































Coryda lus cornutus 























frrvo 





LL LTT a8 








i 


1 


je | 





HTT 


DATE 2-2-65 


DIVERSITY 





TRICOPTERA 
Cheumatopsyche sp. 
Chimarra obscura 
Hydropsyche bifida 
Hydroptilidae 


LEPIDOPTERA 


eopmcimmrtitnnr AEA EONN RS SEC NTO NN SOS 


COLEOPTERA 

Psephenus sp. (L 
Ectoparia sp. (CL 
Stenelmis sp. (L) 
Stenelmis sp. (A) 
Optioservus sp. (L) 
ern 
enn 
ener nmr 
eas ae aime 
ence 
DIPTERA 


Simulidae (L) 


Simulidae (P 
Tendipedidae (CL 
Tendipedidae (P 


MISCELLANEOUS 


ea Tr aaocssannssngaummmmmmmmmmmnnsnistennn mmm 
ENT Taman 
vee STE neem nasenemmmediammmmmmmmanalitl 


snare AES AAAS NEE OOONN Se 

















TTL 





| 





«J 
© 





e 
oO 





LT UIT EERE LITTTE 


64 


STREAM 
NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 
Oligochaeta 
Hirudinea 
MOLLUSCA 
Gastropoda 


Pelecypoda 


James River 


285 


BENTHOS ANALYSIS 
STATION J-6 
TAXA 


E PHEMEROPTERA 
Caenis sp. 








DATE 4-29-65 


DIVERS ITY 


TRICOPTERA 
Cheumatopsyche sp. 


Chimarra obscura 


Paraleptophlebia praepedita 14 


Heptagenia sp. 
Baetis sp. 
Pseudocloeon sp. 
Stenonema pochellum 
S. bipunctatum 





5 











ON 








Eee Te eee ee eT ——————————————— 


——SES—EEEEE 
Sm rr rr 


Pleurobema utterbacki 2 


Lampsilis o. 


CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 


Decapoda 


INSECTA 
PLECOPTERA 


Perlesta placida 


Neophasganophora capitata 3 


REMARKS : 


ventriculosa 2? 





ODONATA 
G mphidae 


Argia sp. 








LEPIDOPTERA 


COLEOPTERA 
Psephenus sp. 


Stenelimis sp. 











———— 
gg a 77S, een 


=< 
rrr rr rm pc rr 


15 


DIPTERA 
Tendipedidae 
Simulidae 








Se 
Ne ————————————— 


Isoperla richardsoni 2 





MEGALOPTERA 
Corydalus cornutus 


cs 
el 
ne 


——————— 
nn ee I a ne 


Le aed 
GCN EP 





———— 
2 
a el 


———————— 
a 
a a a 


5 


. eek arptensine.” 


BENTHOS ANALYSIS 


STREAM__James River SC STATION_J-/ 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


: 





ANNELIDA 





MOLLUSCA 
Gastropoda 
basis sp. 


* 





Pelecypoda 
haerium sp. 
clonaias tuber- 
culata 

CRUSTACEA 
Phyl lopoda 


| 


IT 





Amphipoda 








Isopoda 








Decapoda 











INSECTA 
PLECOPTERA 











I 


PETE 








REMARKS: 


603 























-— 








| 


ENTE OTE sneenmmeuammmmmunmamaiil 


TAXA 


E PHEMEROPTERA 


i lonorus sp. 
Ephemera sp. 


hia sp. 
Choroterpes sp. 
tis sp. 
eptagenia sp. 
Stemonema sp. 
ares 


S. nepotellum 


S. bipunctatum 


i 


|] UTIL EERE 














ODONATA 

















HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 


Coryda lus Sp. 
Sialis Sp. 


37 



































NO 
7) 








LTT 


1 


TT Re 1 


DATE _8-6-64 





DIVERS ITY. 





TRICOPIERA 


He liocopsyche sp, 
Tascobia sp. 
Cheumatopsyche sp. 
Hydropsyche sp. 


H. aerata 


LEPIDOPTERA 





COLEOPTERA 


Psephenus sp. (L) 
Optioservus sp. CL) 20 
__Ectoparia sp. (b)._ 8 
Stenelmis sp. CL) 30 
S. sp. (A) 12 


LESLIE 


























DIPTERA 
Tendipedidae 
Tipulidae 


eee ASS SERA 
nnn ONT TT anammaenmmemmammmmammaualal 


~—waenpanmmareremnnamnnemmneedty 


Lampsilis sp. 1 


66 


STREAM James River 


NUMBER OF ORGANISMS 416 


PLAT YHELMINTHES 
Planaria l 











ANNELIDA 
Hirudinea 
Oligochaeta 
MOLLUSCA 
Gastropoda 


Pleuricera Sp. 
Goniobasis 


Gyraulus Sp. 1 








BENTHOS ANALYSIS 


 STaTion J-/ 











TAXA 34 
EPHEMEROPTERA 
h a guttulata 5 
Potomanthus sp. 18 
Caenis sp. 14 
tsonychia sp. L35 





—Ephemerella bicolor 2 

—E. invaria 63 
Heptagenia sp. 4 
Stenonema bipunctatum 23 
S._interpunctatum , 
5. nepotellum 




















DATE 10-29-64 


DIVERSITY 


TRICOPTERA 


Cheumatopsyche sp. 


Neophylax sp. 
Helicopsyche sp. 





ON 


Lo 





frome 





-— 








eR teat nee eeteeeeeeennnnnnemmmnnnemmiidiiiiiasnmmmeeennninanmmmihtie meensnnnnpopnnnnne men cr nr nn nnn agente nnnmmetandinaaaennedl 


TOTS 00, TT (| NICK  — WiniiLiNNAARRR RAR iT SEPT TTni iN 


Pelecypoda 
Actinonaias c. carinata l 
Lampsilis sp. 5 
L. o. ventriculosa 1 
CRUSTACEA 

Phyllopoda 











Amphipoda 





Isopoda 








Decapoda 
Orconectes menae 4 














INSECTA 
PLECOPTERA 


Neoperla clymene 1 
Perlesta placida 21 
Neophasgonophora 

capitata 27 














ODONATA 


Argia sp. 1 
Gomphidae (im. ) 2 











HEMI PTERA 


NEUROPT ERA 


MEGALOPTERA 
Corydalus cornutus 








DIPTERA 











= = =§$-—: OT ++j§.& iS  =jj WET A NT T Wiitihhnlnrnrnitiiiitinile 











REMARKS: 





MISCELLANEOUS 











enna meee 2 A Ala NAAT St I eg MMB Te 


, Siete nat 


BENTHOS ANALYSIS 


STREAM James River STATION var 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 


ANNELIDA 


Hirudinea 
MOLLUSCA 
Gastropoda 
basis sp. 
ricera sp. 
issia sp. 


> 








Pelecypoda 
haerium sp. 
Psidium sp. 


CRUSTACEA 
Phyl lopoda 





Amphipoda 








Isopoda 
Lirceus sp. 








Decapoda 














INSECTA 
PLECOPTERA 


alata 


24.14 


1/7 





























2 





-Taeniopteryx navalis 6 
~Branchyptera fasciata_ 1 


-Neophasgonophora capitata 8 























TAXA 


EPHEMEROPTERA 


Potomanthus sp. 
Ephemera guttu lata 


Ephemerella invaria 
E. bicolor 
Baetis sp. 
Pseudoc loeon sp. 
stenonema sp. 
_ tripunctatum 
5. bipunctatum 
S. nepotellum 
. pulchellum 
. interpunctatum 


cA 











ODONATA 


hidae 











HEMIPTERA 














NEUROPT ERA 








MEGALOPTERA 


Corydalus cornutus 
Sialis sp. 











45 





















































DATE  2-3-65 


DIVERS ITY 





TRICOPTERA 


Chimarra obscura 
Cheumatopsyche sp, 
Helicopsyche sp, 


LEPIDOPTERA 


ne ETE NN TTT IE 


COLEOPTERA 
Psephenus sp. (L 
Ectoparia sp. (L 
Lutrochus sp. (L) 
Dubiraphia sp. (L) 
Stenelmis sp. (L 


tenelmis sp. (A 
ptioservus sp. (L 


TT nnEamameamentedl 
PE 


non emma 


DIPTERA 
Tipula sp. 


Atherix variegata 
Limonia sp. 


Tend ipedidae 
Simulidae 


secvominnnnanere tient ASTANA re TTT can 
si cmareinesaetaa NNT NNT I 
_eneenmmmmmmnnmeeeennnncnenpenensret tte TECE NO 
eS ere al 


nT eeneenmenmnenmnel 


MISCELLANEOUS 


TNT OvT seein 
smnnamanias ne GSS Ni AN CSET 
reer mete NNT LLC 


eT EESTONTETTTnr a cemmmaammmetmesmmeaneisemmmmmmnumuuamstd 


| LTALITILTIT ER 


























AL LITT RBH I 


68 


STREAM 


NUMBER OF ORGANISMS 200 TAXA 2 


PLAT YHELMINTHES 





Gastropoda 
Goniobasis sp. 


Pleuricera sp. 





Pelecypoda 








CRUSTACEA 
Phy llopoda 





Amphipoda 





Isopoda 





Decapoda 











INSECTA 
PLECOPTERA 


Neophasganophora capitata 1 


Perlesta placida 
Neoperla clymene 








REMARKS : 


James River 


ttle ttbeeeaennnennemataiied 


BENTHOS ANALYSIS 
































DATE 
DIVERSITY 


TRICOPTERA 
Cheumatopsyche sp. 





4-29-65 


AIT 


con cemmteetestuitetinnevedthassetanbaemmmmn III css mmm tai dtctenessasantesenanentan te tart htettennetebindhe rr ateeeesesesammmmemmmme diet taiaadbebdibassamamnmemmmmtahbathadeaeati beste anemnmn intial tbiietttiath tiene nnn eiemanamunnel 


TO TORER ——E A en  nINN NETITNCRNNANTOOOCINR: = ICSU: ‘says PE enn mihi AAR nn TTNNNNNNNIAMEEEMAAN: ene 


benmenmnanemnndmmeneanmned aerate ttt eecaeeeeteaeene tah tent anne Hamdan et ee nanmmintaaaniadeetiiiiiedannend Sateen ame ctaeetiitbaneaannneinne  emmemaetibtbanaianannete nae at ecabebannaaannemmmmmmeaehaeeeenemm mnie tained 





STATION J-7/ 
4 

EPHEMEROPTERA 
Caenis sp. 18 
Ephemera guttulata 2 
Potomanthus sp. 8 
Isonychia sp. 3 
Ephemerella bicolor 2 
E. invaria 22 
Heptagenia sp. 3 
Stenonema ares 9 
S. bipunctatum 20 
S. nepotellum 36 
ODONATA 
Gomphidae 1 








LEPIDOPTERA 


COLEOPTERA 
Pelonomus sp. 
Stenelimis sp. 








a ee Dt SPP PREIS Ahi rth AE a aaa ree ania eal rr cE it TS, — 





Ss eemnaaennnnmesscethaaemmeial anette enememememmmedeentcihmeeet tame debe i tinddtae tn ate a  sanepeemhterttiiiiiiinaanemen ‘547 SS ty ™ 











ATL 


NEUROPTERA 


MEGALOPTERA 


| 





DIPTERA 


Tipula Sp. 
Tendipedidae 








LTT 











MISCELLANEOUS 











_ 





11 | 


ot REA AAC pv 














BENTHOS ANALYSIS 


STREAM James River STATION _J-8 
NUMBER OF ORGANISMS 880 
PLAT YHELMINTHES E PHEMEROPTERA 
_._™lrlanaria 10. Isonychia sp. 
Tricorythodes sp. __ 
Ephemera sp. 
ANNELIDA Potamanthus sp. 
__Oligochaeta 10. Ephoron_ leukon 
Hirudinea 2 Caenis sp. 
MOLLUSCA Baetis sp. 
Gastropoda Centroptillum sp. 
Goniobasis sp. 90. Leptophlebia sp. 
Pleuricera Sp. 30 Stenonema Sp. 











Pelecypoda 











Actinonaias carinata 1 





Lampsilis o. 
triculosa 

CRUSTACEA 
Phy llopoda 


ven- 


| 





Amphipoda 








Isopoda 








Decapoda 














INSECTA 

PLECOPTERA 
Acroneuria sp. 
Neophasgonophora 


capitata 


: 


MTT 

















Tinian 


S. ares 


eka refer ATES PE PT A ETT EI, 


5. interpunctatum 
oe ne potellum 
Ephemera guttulata 














ODONATA 
Argia sp. 












































TAXA 38 


100 





OO 












































ITB TT TE TT 


DIVERS ITY. 


DATE_§-6-64 


 exrhimamarreeasne Seg ASSO OTD ESHA Aet TONES 





TRICOPTERA 
_Cheyumatopsyche sp. 


LEPIDOPTERA 


Elophila sp. 
_Cataclysta sp. 
COLEOPTERA 

Psephenus sp. (1) 


Optioservus Sp. (A) 
O. sp. CL 


Stenelmis sp. (L 


S. sp. (A) 





ULTEEE VIVIIPEEEE EE VTLTTTTTTT FER 


WISCELLANEOYS Pelecypoda 


Lampsilis brevecula 





von emmeasieanmeammmnetl 


inna 


||| 


7 


—s 


BENTHOS ANALYSIS 























STREAM james River STATION J-8 DATE 10-22-64 
NUMBER OF ORGANISMS 676 TAXA 22 DIVERSITY 
PLAT YHELMINTHES E PHEMEROPT ERA TRICOPTERA 
Cheumatopsyche sp. 180 
Chimarra obscura 4 
Hydropsyche aerata 8 
ANNELIDA H. simulans 4 
Oligochaeta 13 H. bifida a 
—_— HH. betteni I 
MOLLUSCA 
Gastropoda 
(COR ODS TE BOs ee ee) a 
gS i a a A es, tt 
Pelecypoda 


Sphaerium sp. 
Actinonaias carinata 1 





LEPIDOPTERA 





CRUSTACEA 


Phy Llopoda COLEOPTERA 
ODONATA 





Amphipoda 
Synurella sp. 2 





Isopoda 
Lirceus sp. 120 


TT, A iii NTN  —§« IERIE mma go RD AANA, NHI 





Decapoda HEMI PTERA 
Orconectes sp. 2 

















INSECTA NEUROPTERA 
PLECOPTERA 


Neophasgonophora capi- 
tata 


: 





MEGALOPTERA 


Corydalus cornutus. 
moe FB i ee 0 er 














MISCELLANEOUS 


TTL 














TITHE 


| | 





REMARKS ; 


BENTHOS ANALYSIS 


STREAM james River ss CSSSCSCSTATTION_J-8 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 


Hirudinea 
MOLLUSCA 
Gastropoda 
icera sp. 
sis sp. 
sia sp. 








Pe lecypoda 
erium sp. 


1564 




















_Lampsilis o. ventriculosa 


CRUSTACEA 
Phyl lopoda 


Amphipoda 
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~Potomanthus sp. 
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Caenis sp. 
Tricorythodes sp. 
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Tendipedidae 
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BENTHOS ANALYSIS 


STREAM Wilson Creek STATION. Jw-] DATE__ 10-30-64 
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BENTHOS ANALYSIS 
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STREAM Finley Creek STATION Jf-1 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 
Oligochaeta 


MOLLUSCA 


Gastropoda 
Goniobasis sp. 
Helisoma sp. 


Ferrissia Sp. 


Pelecypoda 





CRUSTACEA 
Phy llopoda 


Amphipoda 





Isopoda 


75/7 











TAXA 30 


EPHEMEROPTERA 


_Ephemera simulans _ 
Isonychia sp. 
_Baetis sp. 
Paraleptophlebia 
moerens 
Caenis sp. 
—tricorythodes sp. 
_Stenonema ares 
S. nepotellum 
5. interpunctatum 



































DATE 10-31-64 


DIVERSITY 


TRICOPTERA 
_Chimarra obscura 
—Heliconsyche sp. 
Doliophil 
_Leptocelia sp. 
._Cheumatopsyche sp. 


Psychomyiidae (im. 


87 











OR ET manne nerenanrAnannnnTEEEHEHNEHIEIINRANRCAANS EY ANON NRIAIUSS «(Wr 


ODONATA 


Argia sp. 








LEPIDOPTERA 


COLEOPTERA 


Psephenus sp. (L) 
_Stenelmis sp. (i) 
S. sp. (A 


_Optioservus sp. (L) 








AAA OE ES OS iw EEE = = = = STEEP 


INSECTA 
PLECOPTERA 
Acroneuria arida 
Neoper la c. lymene 
Neophasgonophora _ 
capitata 





REMARKS : 


PE pp TRC ST I ETEEETMSTENFITCESSEPT='E: «=U TESA. TTTTEERA IONIAN III NAMA mn 


TT  _____cccenannanpanpanmanmnmasanssaaasssamaamamaaaammmamaaaaaamaaammammenes tr: atten aomecsannananameemeeennnen i Tnnnoaonnoooo OOO UOoL oo annmmmnneniiillnnnn deel 











EEE ETE emer erreemr ree OE RTE = NE NTT EATER REEL LIEN CIOO IC , ———T 


TT {RARER trent NRE THERESE «(MOIETIES «= EEE Scnacensnensnennnennnctynnemnnnmniinnninnnn tee KIAKIIANIIARIROEDO AIH RANNANONNRannnaes «eile 


NE he RT «© EEEEEEEEEINGUWESEESESENS: © 4«6€«-«««sSEEEEEENNN ALARA meray reroneneneneneneronenmnmnnnsnenunnnnesennnenenen er tPCT TSTSETEETEDTEETEETTEDD “A 








BENTHOS ANALYSIS 


STREAM Finley Cr. STATION. Jf-1 


TAN TNT TTT EEE TT SOLE 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 


MOLLUSCA 
Gastropoda 
i sis sp. 
era sp. 
Sia Sp. 


| 








Pelecypoda 








CRUSTACEA 
Phyl lopoda 





Amphipoda 
Allocrangonyx sp. 








Isopoda 








Decapoda 











INSECTA 

PLECOPTERA 
neuria arida 

Neoperla clymene 


Isoperla duplicata 
ocapnia sp. 


HITT 





698 















































TAXA_37 


E PHEMEROPT ERA 
Ephemera guttulata 
Ephemerella bicolor 
. serrata 

invaria 
Leptophlebia sp. 
Baetis sp. 
Tsonychia sp. 


og | 


Stenonema interpunctatum 25 


S. nepotellum 




















HEMI PTERA 














NEUROPTERA 





MEGALOPTERA 
Corydalus cornutus 



































50 
1 











ee TTT 


1 


DATE 2-8-65 


DIVERS ITY 





TRICOPTERA 
‘Helicopsyche sp. 
Chimarra obscura 
Psychomyia sp. 
Glossosoma Sp. 


Cheumatopsyche Sp. 


LEPIDOPTERA 
Cataclysta sp. 


COLEOPTERA 

Psephenus sp. (L) 
tenelmis sp. (A) 
ptioservus sp. (L 


DIPTERA 
Tipula sp. 
Imulium Sp. 
endipedidae 
erlx Sp. 


MISCELLANEOUS 


ns nants 
TIT eam 
nnn eam NnAmnamemnentt 


names 


L LTLLTVT TT EEE 














+ WT 





in 
© 





1 FS 





1 
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BENTHOS ANALYSIS 




































































STREAM Finley Cr. STATION J£-1 DATE 273-65 
NUMBER OF ORGANISMS 253 TAXA 27 DIVERSITY 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
Rhithrogenia sp. 2 Chimarra obscura 6 
Isonychia sp. 23 Bschomyiid genus A 1 
Paraleptophlebia sp. 27 Cheumatopsyche sp. 12 
ANNELIDA Baetis sp. ll 
Oligechaeta 6 Ephemerella invaria 23 ee 
E. serrata 2 
MOLLUSCA Heptagenia sp. 9 
Gastropoda Tricorythodes sp. 1 
Goniobasis sp. 32 Stenonema ares 9 
9. tripunctatum A 
S. pulchellum 6 
S. nepotellum 27 
Pelecypoda 
LEPIDOPTERA 
CRUSTACEA 
Phy llopoda COLEOPTERA 
ODONATA Stenelmis sp. (L) 3 
Amphipoda S. sp. (A) 2 
Helichus sp. (A) 2 
Psephenus sp. (L) ae 
Isopoda 
Decapoda HEMI PITERA Sacco 
DIPTERA 
Chrysops sp. 1 
INSECTA NEUROPT ERA 
PLECOPTERA tt 
Neophasganorphora capitata 14 ae 
Neoperla clymene 16 en 
Aoroneuria arida 3 MEGALOPTERA eee 
Perlesta placida 2 Corydalus cornutus 4 ——a 
7 MISCELLANEOUS 
REMARKS : 


BENTHOS ANALYSIS 


























































































































STREAM__ Finley Creek STATION. _Jf-2 __DATE__§-20-64 
NUMBER OF ORGANISMS 268 TAXA 22 DIVERS ITY. 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
eS 1 _Gaenis sp. 10. _Cheumatopsyche sp. —10. 
Isonychia sp. 6 _Heliocopsyche sp, 
_Stenonema ares 8 _Chimarra socia. 6 
ANNELIDA S. nepotellum oR PTE ©) 0:10 6 ¢: Sm cn Ce ee Cr 
Oligochaeta 6 pees. ieee 
Hirudinea 1 a aa Age ia cas, eee 
MOLLUSCA een 
a 
Gastropoda NS NN 
Ferrissia sp. 2 ae 
Pleuricera sp. 2 ae 
Goniobasis sp. 150 nee 
Se een ee ee 
cee rereree 
Pelecypoda ere ee 
Sphaerium sp. 4 
LEPIDOPTERA 
CRUSTACEA ee 
Phyllopoda COLEOPTERA 
——_ ODONATA —Psephenus sp. fl) 
Amphipoda Helichus sp. (A) meek he 
tee _.—s-—s __Optioservus sp. (ij) 
Isopoda Stenelmis sp. (1) th. 
_ To. eee 
Sa, fees 
Decapoda HEMI PTERA ee AEs 
——Orconectes sp |. cere As AS 
pare rare eee ene 
oe DIPTERA 
_ChrySopS Spy 
INSECTA NEUROPTERA _Tabanus sp, 
PLECOPTERA 
mmm ee ear 
Oe TST TOT einmammmemmammammll —. 
TAME —— anASAlllllP 
MEGALOPTERA Se peti a 
_corydalus cornutus nn neal neem 
ee eo 


ATTTTTELTT 


i 


TTL 











REMARKS : 





MISCELLANEOUS 


nr at aan 
nS a mnaaeeiiemnnaemammmmmammuill 
ev NNT eaoaiesameeenammmmmmnmnasia nema 


eeaannammtteeeet TG aS AAT SLAC CC ETT 


| 


BENTHOS ANALYSIS 


STREAM Finley Creek STATION Jf-2 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 


Oligochaeta 
Hirudinea 


MOLLUSCA 
Gastropoda 

Goniobasis sp. 

Pleuricera sp. 


Pe lecypoda 
Sphaerium sp. 


Fusconaia ozarkensis 


CRUSTACEA 
Phy Llopoda 


Amphipoda 


Isopoda 


Decapoda 


QO. neglectus 


INSECTA 
PLECOPTERA 


itata 


REMARKS: 





519 











TAXA 


EPHEMEROPTERA 
sonychia_sp__.._.. 
Ephenera—_simulans_. 
fotomanthus sp. 
TIricorythodes sp. 
Caenis sp. 

Baetis sp. 
Stenonema ares 

9. bipunctatum 

S. pulchellum 

5S. interpunctatum 


+ 


Lo 





























DATE 10-31-64 
DIVERSITY 


TRICOPTERA 


Hydropsyche bifida 
Cheumatopsyche sp. 


Helicopsyche sp. 
Chimarra obscura 


91 














mm ieee EE ieessedeneennennnnnnnnemmmen tt see lai etialiiiiiiiiel 


ae nt ba saasanaanaaaneanaannaanaamnaameamaammamnmaaeell RRA TLL ES TEE NTT ETE CET EEE TL TT LT TTT TT TTD TT EEE A RIAA EEE AEE EEE INNES ELEY bene smansmmntahtattataataatall 








ODONATA 
Gomphidae (im. ) 


LEPIDOPTERA 
Cataclysta sp. 


COLEOPTERA 
_Stenelmis sp. (A) 
S. sp. (4h) 
Ectoparia sp. (L) 
Psephenus sp. (1) 








DRRRRTRCOO RATERS nnn EE TT ETRE = (RITTER ICN ||| ety PRR mri eam RAI TN tt EERE, EEE 








Serre aA ETE ENS ERA A TNC ALCCETNETTCTEENTENPOC? «IMINO ash ies TESORO pr rN At SS? «EEE 


DIPTERA 


Tendipedidae 
—fabanus sp. 





STELLAR TEUUUUUUE §—=_INIASYINIIILEUI ULAR RRD“OATTTTTE Sverre, «««NVIINMMMAINNINNNNNINNNNINNNNC ==‘ rN RRRROR ASR 





MEGALOPTERA 


: 








TEETH NN s i I TENN, SiiiilivliaaaaNarSnErerr 











MYSCELUANEGUS Pelecypoda 


Actinoaias pleasa 
Lampsilis brevicula 




















STREAM Finley Cr. STATION 


NUMBER OF ORGANISMS 408 


PLAT YHELMINTHES 
aria 





ANNELIDA 
ochaeta 
Hirudinea 
MOLLUSCA 
Gastropoda 
oniobasis s 
Ferrissia s 


- {TTT as 








Pelecypoda 
Sphaerium sp 





CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 
Orconectes Sp. 














Acroneuria arida 


Hydroperla nalata 























REMARKS : 


























|. 





HTT 


Mt 


BENTHOS ANALYSIS 





TAXA 33 DIVERSITY 
E PHEMEROPTERA TRICOPTERA 


Baetisca bajkovi 
TIsonychia sp. 

Caenis sp. 
Ephemereila bicolor 
Leptophlebia sp. 
Stenonema interpunct 
S. bipunctatum 

5. pulche 











MN i 











ODONATA 
Aeshnidae 
Agrionidae 

















HEMI PIERA 














NEUROPTERA 





MEGALOPTERA 


Corydalus cornutus 








a 
~ 2 


im 


atum 14 





HIT Th 


le | 





TTL 


Chimarra obscurg 
Hydropsyche bifida 
Cheumatopsyche sp. 
Helicopsyche sp. 


LEPIDOPTERA 


LL ml 


COLEOPTERA 

Psephenus sp. 
Ectoparia sp. 
Stenelmis sp. (L 


Stenelmis sp. (A) 
Lutrochus sp. (L) 


L 
L 


DIPTERA 

Simulium sp. 
Tendipedidae 
Chrysops sp. 





MISCELLANEOUS 
Acari 


AEROS eee al 
a eee meneeeanmmmmmuamnd 


One TO a eanmteanssapnaiitiliaese meaner 





TLL TPEPPEEBE VIVITHEBEE IT TTTTTTTTTT EEE 
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STREAM Finley Cr. 





BENTHOS ANALYSIS 





























© 


6 
_107 














DATE 
DIVERSITY 


TRICOPTERA 
Chimarra obscura 
Helicopsyche sp. 
Cheumatopsyche sp. 








5-3~-65 


93 


\O 





- 





a 
No 








SSS EEEEEE———E———EEE——————E————EE—— re Oe 








STATION dR=2 
NUMBER OF ORGANISMS 179 TAXA 3 
PLAT YHELMINTHES EF PHEMEROPTERA 

Tsonychia sp. 
Rhithrogenia sp. 
Ephemerella serrata 
ANNELIDA E. bicolor 
Oligochaeta 3 Pseudocleoen sp. 
Hirudinea 1 ‘Baetis sp. 
MOLLUSCA Paraleptophlebia sp. 
Gastropoda Heptagenia sp. 
Goniobasis sp 40 Caenis sp. 
Stenonema nepotellum 
S. interpunctatum 
S. pulchelium 
S. bipunctatum 
Pelecypoda 
Psidium sp 1 
Sphaerium sp 
‘Lasmigona costata I _ 
CRUSTACEA 
Phyllopoda 
ODONATA 
Amphipoda 
Isopoda 
Decapoda HEMI PTERA 
Orconectes sp 1 
INSECTA NEUROPTERA 
PLECOPTERA 
Neoperla clymene 5 
“Acroneuria arida 5 | 
‘Nemoura sp sd Ts MEGALOPTERA 
“Perlesta placiada 


REMARKS : 


Corydalus cornutus 








DIPTERA 
Stenelmis Sp. 
3. Spe 














MISCELLANEOUS 























BENTHOS ANALYSIS 


STREAM pinley Cr. CSSTATION J£-3 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 
Planaria 
LE Te ea ae eae 
ANNELIDA 

Otigochasta oo 
MOLLUSCA 

Gastropoda 

-Herrissia sp. 


eee EQSEEREN 


i a naanemtiionnsane. anand 


ea ce ee 


Pe lecypoda 


a eetite eee ee ee 
ee 


CRUSTACEA 
Phyllopoda 


Amphipoda 
-Hyalella azetca 


Isopoda 


eam a eer 


Decapoda 
ENT 
See ee eee eT 


eee te a 
en ee Ee 


INSECTA 
PLECOPTERA 


327 








PT. | 





HTL 


HTTTELT TT 


l 


TAXA 11 





E PHEMEROPTERA 

















ODONATA 





TT 














HEMI PTERA 





HT | 








NEUROPTERA 





: 
| 











haere ataenanneeinnaantatemeein ER TY 


TTT TTT 


| 


TTT 


DATE__2.20-64 


DIVERS ITY 


TRICOPTERA 


TTL ELT TTT 





























LEPIDOPTERA 
COLEOPTERA 
Stenelmis Sp. (L) 
Stenelmis sp. (A) 




















DIPTERA 











TE TITLE TT 














MISCELLANEOUS ANNELIDA 
Hirudinea 














a1 





— 
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BENTHOS ANALYSIS 
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STREAM _Pinley Creek STATION j£-3 DATE 10-31-64 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


270 


—Planaria LD 


ANNELIDA 


Qligochaeta 
Hirudinea 


MOLLUSCA 
Gastropoda 


—Gyraulus_™sp 
—Goniohasis spn 
E Peas 


Pe lecypoda 


CRUSTACEA 
Phy 1 lopoda 


Amphipoda 
Hyalella azteca 


Isopoda 
Decapoda 


Orconectes luteus 


INSECTA 
PLECOPTERA 


REMARKS : 


TAXA 


E PHEMEROPTERA 


10 


DIVERS ITY 


TRICOPTERA 


SASSER SSESOOSSSRESESSROSRG, <x chi Asc AAS AAA Achat ASSSSASSSASSSSSSSOESSOSSOSOOLSSSSSOSGOSESAGSSANGOSSRSSOSSGAET"CDESE, ==, fh ich tyes PSP EE LU erntrintarsnnirirrrnnnhauaasessnaiRRONRMRMARRS (etal nirttenre aire 
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‘Pree, === LLU NO SSS «««“UIPUFSTSSITTUICETTUTSTT,«««=_C_«/U Ug Sr ld ERA IHITHINAIWIY =e ee, 








ODONATA 


LEPIDOPTERA 


COLEOPTERA 





TTT i-§-§ Ann STS  -«S'CE'=[//SVSSvEnSSSWrSwrnw «MMA ROUT TTT nnnnnnnnnnnnnnnNNNNNNNNNNNNNNNNNNNIYNNHHHHHHHHNM | ETT 





‘RO TTT «== «= O¥LMULNHONLALIFNNNINUEDI TEE ———TTTTeNNhNt Te a 





TETTTTTT 


NEUROPTERA 


MEGALOPTERA 


TEL 





Tendipedidae 

















MISCELLANEOUS 




















STREAM Finley Cr. CS STATION_f-3 DATE 


BENTHOS ANALYSIS 


NUMBER OF ORGANISMS 408 TAXA 9 DIVERS ITY. 


PLATYHELMINTHES 
Planarig 
cay ee a ee ee 
ANNELIDA 

Hirudi 


MOLLUSCA 
Gastropoda 


Goniobasis SP. 


errissia sp. 


Amnicola Sp. 


‘As Tre EERAPEUTDOUUUH UH UR cnoeotteemnArmmabeinieNETE Rn 


Pe lecypoda 
Psidium sp. 


laa TT 


CRUSTACEA 
Phy llopoda 


Amphipoda 
Hyalella azteca 


L[sopoda 


ett aime 


Decapoda 


Lean 
tte 
tt einai eeeemennes ae 
a ett eeesseeee ns 


INSECTA 
PLECOPTERA 











HTT Ty TI. 


HTT TTT 


EPHEMEROPTERA 











AR Tice A I at ct A UN 
SAP cme Pl tt ae: 
a amenaaeniaitiitaamamamunenananne me TNT] 
AA ane nnn a TTT 
RES aC, PE ath a A 
sae ce ent aneeeeaeaeaieidiiiind ans nananannl 
Lert cnaesnenemmniititemmne teense naam a 
a teat aettiheaeeeeeaeeaenee nanan’ 
St elt ee ee! 
RN RI Te aac RUIN ANI 
Cs aaiaaannnnaiati anannenenenemttt ea rd 
tn a ne TO 











ODONATA 

















HEMI PIERA 














NEUROPTERA 








MEGALOPTERA 


TE ee FG Tt 
eee ae Eee 
———_—_ eee ada TE a ta HONEY 
RATER RU ATO e taser ttt entra NEES 
i eeatiieceenenee inn amen ve 
‘TeTTSLENINR RRR RE TT tad uemURUNIiimneananagmamn gti tbNAts 
Nee DAD ESSE TONNEAU acti 
neta ett ee 
(a ne erncreeerrenteeeetiboniinnneenaniaatyettemrD caine 


TTT ETT 


LT 


HT 
TTTITRE TEETH 


MTTT TT 


TRICOPTERA 




















LEPIDOPTERA 





COLEOPTERA 























DIPIERA 
Tendipedidae 
Simulidae 























MISCELLANEOUS 














2-8-65 


HH | 
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BENTHOS ANALYSIS 























DATE 5-3-65 
DIVERSITY 


TRICOPTERA 





ELT 


RESORTS. DEES rR ESSE RA A pe ee tn REIMER ONSEN INCEST | IUIRNEEEEEETERertch ||| Reh par HA 2h 3 i eR TCC EEETTE ERY == ARRAS? 


RINE =— AEE anni RA RNNICEERS ~~~ NRSC: | ANIANININpuiernen IV Arrears EY rrr SSSA 


ALCS 
OCP HANUCCCTCCIGTTCCTPIEE. ___-—-—_ WANA piper scene ——««««««=«MANLADANATSASSNOTDIACTNTTTSPEISVNDNNNSNE © ==_ 2s ESE SESE harap 7h mr net hrr  o 


SERUREEKf atmeren pert ecm 
SOOM ITER! REET pe apy Oo RC SCoPE CHERRIES cist == ISIE veACOMNREN ||| WSS reer prrerarucmmaonhllghetrrarrrorar PE a er SE SiH ir 





STREAM Finley Cr. STATION 
NUMBER OF ORGANISMS 102 TAXA 
PLAT YHELMINTHES E PHEMEROPTERA 
Isonychia Sp. 
Baetis sp. 
He ptagenia Sp. 
ANNELIDA Stenonema ares 
Hirudinea 2 S. tripunctatum 
5S. nepotellum 
MOLLUSCA 
Gastropoda 
Pelecypoda 
Fusconaia ozarkensis 2 
‘Proptera purpurata TT 
Lampsilis brevicula I 


CRUSTACEA 
Phyllopoda 
Amphipoda 


Isopoda 


Decapoda 





INSECTA 
PLECOPTERA 





REMARKS: 





ODONATA 














eee 
ermrmmavannpnninemperrmmmmmmmmms ==‘ rssh’ —««««NANVEIINNSSSsyyp «EVV errr Orr —= 2 A ~ TEENAAS 


PMRMMNRRRUcceascsmeemmmmsnsssatcienms, (snobs tveweverecvererrmmm DDR ssnsesstcettieeseeeveworerrn ES ceme (|. = *SHNENireeprrwemmmniatiety = RIE eee ary 


ETH 





HEMI PTERA 


NEUROPT ERA 


MEGALOPTERA 








ITT 











DIPTERA 
Tendipedidae 


TEER WT 




















MISCELLANEOUS 














| 








BENTHOS ANALYSIS 


STREAM Finley Creek STATION Jf-4 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





Hirudinea 
MOLLUSCA 
Gastropoda 


~Goniobasis sp. 
issia sp. 








Pe Lecypoda 
Musculium sp. 


ITTLI TEL EEREE EEE 





CRUSTACEA 
Phyllopoda 


Amphipoda 





Tsopoda 








Decapoda 
conectes sp. 


nila 











INSECTA 
PLECOPTERA 











259 

















| 


MTT 


TAXA _23 DIVERS ITY 












































EPHEMEROPTERA 

we LE ONY ODT Se mmmene 
we BACLT TS SDs nena 
 Lricorythodes sp. 
Baal 00-5 0: es - h » Peeee 
wwotenonema ares 
ie epotellum 
SS. _pulchellum 
ee oe eC 
ODONATA 

HEMI PIERA 
NEUROPTERA 
MEGALOPTERA 
Corydalus sp. 





NT 


1 


ITT 1 


DATE 3-20-64 


TRICOPTERA 
He licopsyche sp, 
_Neophylax sp. (i) 
Chimarra obscura 
Cheumatopsyche sp. 


LEPIDOPTERA 


nl 


COLEOPTERA 
Berosus sp. (I) 
Psephenus sp. (LL) 


Stenelmis sp. (Ll) 
S. sp. (A 


MISCELLANEOUS 


neem mans 


seveinnaamannnnnnnnmmemarcererr Nasir titiiA SDN AOW Ratti 


Nao esnaneammanemmaneaneamnl 








ETTELLE TEEEEPEPRE TT UULTTTTT TT Retr 


HT 
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BENTHOS ANALYSIS 


























DATE 10-31-64 
DIVERSITY 


TRICOPTERA 


Neophylax sp. 
Cheumatopsyche sp. 


Chimarra obscura 


99 
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nowy OTA, Beesae aaa aa eetatett tated a cn te nnn nl ss aaaasesaaabetaatenanitiaabbiatiiaiaideiatl 


Le _ reser RRR SNL ee aac ceecc teats dtetla talc SRE oe" hdd eeeeeeanmaandll OAL LLL TELE TT 


EEE =A ©. ng GUI ph Pr 77 RAMEN TTR irre 

















TET 


REMARKS: 


STREAM Finley Creek STATION Jf-4 
NUMBER OF ORGANISMS 54.0 TAXA 
PLATYHELMINTHES EPHEMEROPTERA 
Planaria 2 Isonychia sp. 
Baetis sp. 
_Tricorythodes sp. 
ANNELIDA Caenis sp. 
Oligochaeta C27 _Stenonema tripunc- 
Hirudinea lL... tatu - - -.- 
MOLLUSCA 5. bipunctatum 
Gastropoda S. nepotetlum 
Goniobasis sp. 200 
lymnaea sp. 2 
Ferrissia sp. 14 
Pelecypoda 
Sphaerium sp. 4 
CRUSTACEA 
Phy llopoda 
ODONATA 
Amphipoda 
Isopoda ; 
Decapoda HEMI PIERA 
Orconectes menae_  __4 
INSECTA NEUROPTERA 
PLECOPTERA 
MEGALOPTERA 


Corydalus cornutus 


Scat Ri AM ep FE NN PE SP EER ALN EHH EELS, LT TTY 
LARS ee ccc ee AL EEE NRE TN 
SR G_ TREES oe LT Sc TE SE 


S. sp. (A 
Pelonomis sp. (A) 

















DIPTERA 
Tendipedidae 
S imu lidae 























MISCELLANEOUS 



































STREAM 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 
Oligochaeta 
Hirudinea 


MOLLUSCA 
Gastropoda 
Goniobasis sp. 
Ferrissia sp. 
Helisoma sp. 

















Pelecypoda 
Sphaerium sp. 


- TTT 





CRUSTACEA 
Phyllopoda 


Amphipoda 
Crangonyx sp. 








Isopoda 
Lirceus sp. 








Decapoda 
onectes sp. 











INSECTA 
PLECOPTERA 
Isoperla sp. 
Allocapnia Sp. 











Il 


























TELL TT 


Mt 


BENTHOS ANALYSIS 


DATE  2-8-65 















































Finley Cr. STATION Jf 
2055 TAXA 33 
E. PHEMEROPTERA 
—_ Heptagenia sp. 
Isonychia sp. 
Eg! ia anvars 
40 Ephemera varia __ 
2 eee : 
S. bipunctatum 
a. tripunctatum 
175 
cain ie ye oraaamatin aa eaneeaeinencemme seaaeeeerreeeaanemanmneammannel 
50 a 
ODONATA 
Argia sp. 
6 
1 
HEMI PTERA 
5 
NEUROPTERA 
b 
~T45— 
MEGALOPTERA 
Coryvdalus cornutus 











| 





“EE 





i 
~ 
a2 











| 


1 


pe 
Oo 





NLT 


DIVERS ITY 





TRICOPTERA 
Chimarra obscura 


LEPIDOPTERA 
Cataclysta Sp. 


COLEOPTERA 
Psephenus sp. (i) 


Ectoparia sp. (L 
Stenelimis sp. (L 
Stenelmis sp. (A 
Optioservus sp. (A 


DIPTERA 


Simulium sp. 
Tendipedidae 


MISCELLANEOUS 
Nematomorpha 


oem ain” 


il 


emma 


L ULTTLLUT TTL BRR 


TE UTLITITEE UTTITBRREE 


se saponin tee pe-—aneay sre ap e nnaattnietnOARELOGANAROREAaAU ROO ol we a ; : ; : , 


100 


STREAM Finley Cr. STATION 


BENTHOS ANALYSIS 


Ji- 


a 


DATE  3-3-65 


NUMBER OF ORGANISMS 14.5 TAXA 28 DIVERS ITY 


PLAT YHELMINTHES 
Planaria 


ANNELIDA 
Oligochaeta 


MOLLUS CA 
Gastropoda 


Pleuricera sp. 
Goniobasis sp. 


Pelecypoda 














E PHEMEROPTERA 
Heptagenia sp. 
Caenis sp. 
Paraleptophlebia sp. 


Stenonema interpunctatum 1 





Pseudoc loeon sp. 
Baetis Sp. 








1 











10 








TRICOPTERA 
Chimarra obscura 
Cheumatopsyche sp. 


101 


pened 





bho 





I TTTT 


OR RTRELOO A ANT (§ TEN  -§ NNN CET TTT RRiINIin § — mAninnnnniinniifteieens 


TOT TY, SAT ANWAR 8-H) isint, sm pipetting 9 ESRI AA AIH R RRL Rs «WALES 
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Sphaerium sp. 
Fusconaia ozarkensis L 


Amblema p. costata 3 


CRUSTACEA 
Phy Llopoda 


Amphipoda 
Gammarus fasciatus 


Isopoda 
Lirceus sp. 


Decapoda 
Orconectes sp. 





INSECTA 
PLECOPTERA 





REMARES : 

















COLEOPTERA 
Psephenus sp. (L) 
Stenelmis sp. (L) 
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NEUROPTERA 
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DIPTERA 
Tipula sp. 
Tendipedidae 



































MISCELLANEOUS - Pelecypoda 


Lasmigona costata 


Strophitus undulatus 
LTampsilis r. Siliguoidas 2 


.- Oo. ventriculosa 
° reviculaé 
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BENTHOS ANALYSIS 


STREAM crane Cr. ss ——C—C STATION c-) 


NUMBER OF ORGANISMS 243 


PLAT YHELMINTHES 





ANNELIDA 





MOLLUSCA 
Gastropoda 
niobasis sp. 
uricera Sp. 
rrissia sp. 
hysa sp. 


VIVPEE UP UTE TTEE TET 


i 





Pelecypoda 








CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 
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food 





MTTLTTT TTL 


Mt 


sansa ATR ROSS NSS nO 


TAXA 22 


EPHEMEROPTERA 


ma sp. 
nterpunctatom 
. pulchellum 
. nepotellum 


4 

















ODONATA 














HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 


| 


























DATE 8-6-64 





DIVERS ITY. 


TRICOPTERA 





LEPIDOPTERA 


vee vernon eee ammemmiemmmnd 


COLEOPTERA 


Narpus sp. (A) 
Psepherus sp. (Li) 
Stenelmis sp. (1) 


DIPTERA 
Tendipedidae ae 


MISCELLANEOUS 


ne eens 
Fe nILAnet Aenean’ 
a eae eet 


_ yori snc 


EL UUVUITTLE UEPPPRRREE TE TETTEEEEE 
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BENTHOS ANALYSIS 


STREAM Crane Creek sss SC STATION  Jc-1 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 
Lobasis sp. 


Pleuricera sp. 


: 





Pelecypoda 


Fusconaia ozarkengis 


Actinonaias pleasi 
CRUSTACEA 


Phyllopoda 
Amphipoda 


Isopoda 


Decapoda 








INSECTA 
PLECOPTERA 


IT TTTTTE 











542 




















ATP TE TE 









































TAXA 31 

EPHEMEROPTERA 
Caenis sp. 14 
Isonychia sp. 165 
Ephemera guttulata 1 
Tricorythodes sp. 12 
Pseudocloeon sp. 6 
Baetis sp. 9g 
Heptagenia sp. 4 
Stenonema ares 22 
S. interpunctatum ) 

_S. bipunctatum 60 
5. nepotellum 25 

ODONATA 

HEMI PTERA 

NEUROPTERA 

MEGALOPTERA 

_Corydalus cornutus 10 


DATE 
DIVERSITY 


TRICOPTERA 
Hydropsyche bifida 
Helicopsyche sp. (case 
Chimarra obscura 
Cheumatopsyche sp. 

















S. sp. (A 


Optioservus sp. (L) 
O. sp. (A) 
Narpus sp. (L) 









































MYSCHEVLANEOUS Pelecypoda 


Lampsilis breuicula 


10-21-64 
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Ptychobranchus Occident- 1 
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BENTHOS ANALYSIS 







































































STREAM crane Creek STATION Je-1 DATE  2-3-65 
NUMBER OF ORGANISMS 974 TAXA 29 DIVERSITY 
PLAT YHELMINTHES EPHEMEROPTERA TRICOPTERA 
Planaria 1 Isonychia sp. 350 Chimarra obscura ee ae 
Ephemerella invaria 35. Hydropsyche bifida __ 14. 
Pseudocloeon sp. 75 Hydropsyche_ sp. ees ee 
ANNELIDA Stenonema ares 80 Cheumatopsyche sp. 3 
S. bipunctatum 150, Agapetus sp. __ 14. 
S32 pulchellum 45 ee 
MOLLUSCA Caenis sp. iL eas 
Gastropoda 
Goniobasis sp. 45 
Pleuricera sp. 7 
Ferrissia sp. 4 | 
Amnicola sp. 2 
ssa OE Attn Te aad —————— 
Pe lecypoda ei ee yee eer een ae 
Peto Ee LEPIDOPTERA 
et 
CRUSTACEA sic 
Phyl lopoda COLEOPTERA 
ODONATA Stenelmis sp. (A) 1 
Amphipoda arpus sp. (L 1 
Optioservus sp. (UL ys 
Psephenus_ sp. (L) See oe 
Isopoda 
Lirceus sp. 1 
TTI eons oul anmmammul 
Decapoda HEMI PTERA se at ie ne seine alee 
eneenaartnninnnininemitite = jciiaeaeaamemini ml enamel 
CET etme eT nny TTL eee nemmmmmaunmmallitll aml 
ae DIPTERA 
Tipula sp. > 
INSECTA NEUROPTERA Simulium sp. 8 
PLECOPTERA Tend ipedidae 60 
Allocapnia 6 
Hydroperla nalata 5 
Brapchyptera fasciata 3 MEGALOPTERA | 


TLE I 











REMARKS: 








HTL | 





MISCELLANEOUS 


aan enema 
en re eemmstnmnsmmesiieeiammmemmamemmemmad 
re ea aaa 


Petite eel 


HT 


1 





104 





PLAT YHELMINTHES 
Planaria 


ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Goniobasis sp. 
Somatogyrus sp. 
Pleuricera sp. 
Ferrissia sp. 


i 


Pelecypoda 
Sphaerium sp. 
Psidium sp. 


CRUSTACEA 
Phyllopoda 





Amphipoda 








Isopoda 
Lirceus sp. 





Decapoda 
Orconectes Sp. 











Perlesta placida 











REMARKS : 
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wm} 








le 
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BENTHOS ANALYSIS 


STATION J 


~1 


TAXA 42 


EPHEMEROPTERA 

enis sp. 
Tricorythodes sp. 
Isonychia sp. 
Potomanthus sp. 
Ephemera guttulata 
Heptagenia sp. 
Ephemerella invaria 
E. bicolor 
Baetis sp. 
Pseudocleon sp. 
Stenonema ares 
S. interpunctatum 
S. pulchellum 
S. nepotellum 
S. bipunctatum 











MEGALOPTERA 


Corydalus cornutus 
Chauliodes sp. 























DATE 
DIVERS ITY 


TRICOPTERA 


Helicopsyche sp. 
Hydropsyche bifida 
Cheumatopsyche sp. _ 
Psychomyiid genus A 





10 


Ww 


4-19-65 





























LEPIDOPTERA 





COLEOPTERA 
Psephenus sp. (L) 
Ectoparia sp. (L) 


Stenelmis sp. (CL 


- Sp. (A 
Optioservus sp. (L 
©. sp. (A)... 


elonarium sp. (L 














DIPTERA 
Hemerodromia sp. 
Atherix variegata 
Tendipedidae 
Simulidae 

















MISCELLANEOUS 





















































STREAM__ Flat Creek __ STATION 


JST TEIONIT T nvnnrl TTeeeaieenenieee naman 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 
bellaria 


ANNELIDA 
igochaeta 
Hirudinea 
MOLLUSCA 
Gastropoda 
oniobasis sp. 


Ml 














Pelecypoda 








CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 
Lirceus sp. 


eT TULL VUUNL UTLTTTTEREELEEE 





Decapoda 
Orconectes Sp. 














INSECTA 


: 
: 
Ss 











NTTTETTTT 


i 











REMARKS : 


294 

















20 
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BENTHOS ANALYSIS 


JEL) 


TAXA 29 


EPHEMEROPTERA 
Stenonema (near are 


S. tripunctatum 











ODONATA 

















HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 
Corydalus sp. 





s) 2 





Fld 





TL 


DATE 8-19-64 
DIVERSITY 
TRICOPTERA 


__Cheumatopsyche sp. 40 
__Helicopsyche sp. at 
chi | : 
—C. sp. (pupal) L 
__Hydropsyche sp. (pupal) —__|- 


LOO SAAETENNNETSNS 


~ LUTTE BREE TE TTT 


Psephenus sp. = 
tenelmis sp. (L 
. Sp. 


Optioservus Sp. (A) 


DIPTERA 


Eriocera sp. 
Simulium sp. 
Tendipedidae_ (mot keyed) 


4 
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HT 


106 


STREAM Flat Creek STATION 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 


ANNELIDA 
Hirudinea 


MOLLUSCA 

Gastropoda 
Goniobasis sp. 
Ferrissia sp. 





Pelecypoda 





CRUSTACEA 
Phyllopoda 


Amphipoda 


Isopoda 


Decapoda 
Orconectes menae 





INSECTA 
PLECOPTERA 


ATT 











REMARKS : 


786 


18 








BENTHOS ANALYSIS 





























DATE__11-1-64 


DIVERS ITY 


10 


~d 





TRICOPTERA 

Chimarra obscura | 
Hydropsyche bifida 
Hydroptilidae 
Cheumatopsyche sp. 





fen 
| OX 
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LEPIDOPTERA 





COLEOPTERA 
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J£1-1 
TAXA 25 
EPHEMEROPTERA 
Caenis sp 10 
Lsonychia sp. 150 
Heptagenia sp. 15 
Bactis sp. 220 
Pseudocloeon sp. / 
Stenonema ares 270 
~i.interpunctatum 2 
8. bipunctatum 21 
S..pulchellum 12 
ODONATA 
HEMIPTERA 
NEUROPTERA 
MEGALOPTERA 
_Corydalus cornutus 8 











DIPTERA 


_Hexatoma Sp. 
Simulidae 


Tendipedidae 




















MISCELLANEOUS 
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BENTHOS ANALYSIS 


STREAM Fat Cr STATION Jj £fl-1 
































































































































NUMBER OF ORGANISMS 178) TAXA 28 
PLAT YHELMINTHES EPHEMEROPTERA 
Sipholonurus sp. _22 
Baetis sp. 73 
ANNELIDA Paraleptophlebia sp. 3 
Oligochacta|___=s ~=__2_ = Stenonema_interpunctatum 1 
S. tripunctatum 120 
MOLLUSCA S. bipunctatum a5 
Gastropoda 
Goriogbasis sp. 12 
Ferrissia sp. 2 
Pelecypoda 
CRUSTACEA 
Phy llopoda 
ODONATA 
Amphipoda Gomphidae 1 
Argia sp. 1 
Isopoda 
Lirceus sp. 75 
Decapoda HEMIPTERA 
Orconectes sp. 3 
INSECTA NEUROPTERA 
PLECOPTERA 
Tsoperla decepta pa 
MEGALOPTERA 





TEETH 


| 








REMARKS: 


Corydalus cornutus 








MITEL 











DATE 2-9-65 
DIVERS ITY 
TRICOPTERA 
Chimarra obscura 80 
Hydropsyche bifida fe Boe 
Cheumatopsyche 500 
Helicopsyche sp. 4 


LEPIDOPTERA 


PENTEL 


COLEOPTERA 
Psephenus sp. (L) 
ptioservus sp. (L) 


Optioservus sp. (A) 


DIPTERA 


Tabanus sp. 
Tipula sp. 
Simulium sp. 
Eriocera sp. 
Tendipedidae 


an nn 
eT ETNA NLL NCC 
ml 


aon nia ttl 


MISCELLANEOUS 





AL UTE 





VT VTTTBRBEE TTT 
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STREAM 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 
Hirudinea 


MOLLUSCA 


Gastropoda 
Physa sp. 


Goniobasis Sp. 





Pelecypoda 
Sphaerium sp. 


Psidium sp. 


CRUSTACEA 
Phy llopoda 


Amphipoda 
Synurella sp. 


Allocrangonyx pelluc 


Isopoda 
Lirceus sp. 


Decapoda 


Perlesta placida 
Neoperla clymene 


AT 











REMARKS: 


Flat Creek 


1692 








airman Ree me Rt 


BENTHOS ANALYSIS 























STATION Jf1-1 
TAXA 33 

E PHEMEROPTERA 
Isonychia sp. 320 
Caenis sp. 36 
Pseudocloeon sp. 23 
Baetis sp. 120 
Centroptilum sp. 7 
Stenonema pulchellum 55 
S. interpunctatum 45 
S. tripunctatum 9 
S. nepotellum 5 
Heptagenia sp. 4S 


DATE 
DIVERS ITY 


TRICOPTERA 
Chimarra obscura 


‘Cheumatopsyche sp. __ 


10 


KO 











eepeetememtend ce teteittnnnetleiinemel A try METRY PE TT ET I EE EE TACO TT ENE EEL TLE Aiietrrrmnnennnnni en tATRa 


at er! Sat bnoblet nein ae eb gael ERE Ryysinninanrotementaaell 





7 
idus 





800 











COLEOPTERA 
Psephenus sp. (L) 
Stenelmis sp. (L 
S. sp. (A 


S.sp.- A 
Optioservus sp. (A) 





























. a i tiie esiill (ain dadiuiiiaedeenaneiisameaual him nm ie nikal ce cennsnatetnaieteteeaacmmmmmaiaianaieil 
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NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 





TT 1 





DIPTERA 

Tabanus sp. 
Tendipedidae 
Simulidae 

Hexatoma sp. 


























MISCELLANEOUS 


























| een ‘ 


STREAM Flat Creek 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 


ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Physa sp. 
Goniobasis sp. 
Pleuricera sp. 











Pelecypoda 


Alasmidonta calceolu 


Silis brevicula 


TL TAT 


CRUSTACEA 
Phyllopoda 





Amphipoda 








Isopoda 





Decapoda 
rconectes sp. 


TE TT TT | 











INSECTA 
PLECOPTERA 
Neoperla clymene 




















REMARKS: 


229 





S 1 
2 


sae 
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BENTHOS ANALYSIS 


STATION Jf1-2 


EPHEMEROPTERA 











ODONATA 


: 














HEMI PTERA 














NEUROPTERA 






































HI 


: | 








HITT 


DATE 8-6-f4 


ammeter NRHN ASSENT ESE SNOT 


TAXA 24 DIVERS ITY_ 





TRICOPTERA 


LEPIDOPTERA 


Ae NTN TL TLE NOLS: 


COLEOPTERA 


Psephenus sp. (hi) 
Stenelmis sp. (i) 


DIPTERA 
Dicranota Sp. 


i eadchaditncanianchae 
Tendipedidae 


MISCELLANEOUS 





LL LLDPELD RE UTTER TT PEPE Fe 
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STREAM Flat Creek 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 





ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Goniobasis sp. 
Physa_ sp. 
Pleuricera sp. 


Pelecypoda 
—<Aphaerium sp, 





CRUSTACEA 
Phyllopoda 


Amphipoda 
Tsopoda 
Decapoda 


Orconectes sp. 


INSECTA 
PLECOPTERA 














414 





BENTHOS ANALYSIS 


DATE 11-1-64 
DIVERS ITY 


TRICOPTERA 


i 


-— 


sehen Atemmtaaiatattintiiiiieal ait Rr ee TOTNES SELLER FNC EEL REET END LA IEEE APA AINE SER eerste 





— — ieee em emmneel Rapp 1+ gt 0a PHI Cmaainiieinaenenemnmmmmmmiiatiadl 








LEPIDOPTERA 


COLEOPTERA 




















DIPTERA 
Tipula sp. 
Tabanus sp, 
Hexatoma sp. 


ee Ee eR a eae er ee er Atherix variegata 


STATION Jfl-2 
TAXA 23 

EPHEMEROPTERA 
-[Lsonychia sp 6 
-—Ephemera simulans. 6 
Laenis._™3sp 
itenonemsa tripunctatum 2. 
i hipunctatum rene Me 
ODONATA 
Bad Kise d (im) 1 
HEMIPTERA 
NEUROPTERA 
MEGALOPTERA 

utu 10 


























MISCELLANEOUS 
































BENTHOS ANALYSIS 


STREAM iat Cr STATION. Jf£1-2 


NUMBER OF ORGANISMS 1063 TAXA 3] DIVERSITY 


PLATYHELMINTHES 





MOLLUSCA 
Gastropoda 








Pelecypoda 








CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 





Decapoda 


HIE TP TT 











INSECTA 
PLECOPTERA 
Allocapnia sp. 

















| | 


30 


Branchyptera fasciata 9 
1L 


Neoperla sp. 


TT | 











MTT 


i 











REMARKS: 





EPHEMEROPTERA 
Baetisca lacustris 
Ephemerella invaria 
Pseudocloeon sp. 


Lsonychia Sp. 
Stenonema ares 


S. pulchellum 











ODONATA 
Argia sp. 
Gotphidae 














HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 
Corydalus cornutus 








ho 





hh 
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in 
© 





12 
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tn 
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oS 
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TTT 





|| |. 
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TRICOPTERA 

Chimarra obscura 
Cheumatopsyche sp, 
Glossosoma sp. 
Helicopsyche sp. 
Neophylax sp. 


LEPIDOPTERA 

Cataclysta sp 
COLEOPTERA 

Psephenus sp. (L 
Stenelmis sp. (L 


Optioservus sp. (Lb) 


MISCELLANEOUS 


Acari 
nil 
aT ean 


Pema 


DATE___2-9-65 


J i on TU 





L TIUVVDBEE UITTTTT EEE LE TTTTTTTTT FEBS 


M1 


. | | ne EEEnEEIEEEIIN Denerron ee 


Li2 


STREAM Flat Cr 
NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Goniobasis sp. 





Pelecypoda 


CRUSTACEA 
Phy llopoda 


Amphipoda 





Isopoda 


Decapoda 











INSECTA 
PLECOPTERA 
Pteronarcys Sp. 
Perlesta placida 





REMARKS : 


73 


BENTHOS ANALYSIS 


STATION J£1-2 


TAXA 


E PHEMEROPTERA 


Potomanthus sp. 
Isonychia sp. 
Ephemera guttylata 
Ephemerella bicolor 


E. serrata 


16 


4 : 














DATE 973-65 
DIVERSITY 


TRICOPTERA 
Cheumatopsyche sp. 


113 
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Baetis sp. 
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TTT 


ODONATA 





HEMI PTERA 





NEUROPTERA 





MEGALOPTERA 


TTT 








LEPIDOPTERA 





COLEOPTERA 

Ectoparia sp. (L) 
Psepnenus sp. (L 
eliphorus sp. (L 




















DIPTERA 
Tendipedidae 























MISCELLANEOUS 























wi 













































































BENTHOS ANALYSIS 






















































































MISCELLANEOUS 


an em 
ne anntiiatnememeemamal 


Cn a ia ame a aeeelen eee 





STREAM Spring River STATION _$-1 DATE__9-14-64 
NUMBER OF ORGANISMS 161 TAXA 21 DIVERS ITY 
PLAT YHELMINTHES EPHEMEROPTERA TRICOPTERA 
Planaria 11 _Ephemera guttulata 2 __ He LicOpSyche Spc a — mmnemiien 
Choroterpes sp. | 
ANNELIDA Habrophlebia sp. 2 ee es eee 
Qlizgochaeta 1 Caenis sp. Oe i ee 
Hirudinea 2 Tricorythodes sp. Oe wt ae ee eee 
MOLLUSCA Stenonema tri- eee ee 
Gastropoda punctatum 3 gg as 
Ferrissia sp. id S. bipunctatum 15 : a Saces 
S. interpunctatum Z | seein 
iia = sili STOTT Lk tamed meme 
oer eee ern ee 
seeeteentenee LL a eR eC Te eS aT OI exweesemanestenimen, =A LLNS TOL — “NANETNNNASNN 
Pe lecypoda Sit aia cee: - facet 
| LEPIDOPTERA 
ee 
CRUSTACEA peeeeas 
Phyl lopoda COLEOPTERA 
ODONATA Optioservus sp. (L) L 
Amphipoda CTRL TS 
Allocrangonyx schase! (ain 
pellucides 1 Saeed 
Isopoda s iceman 
Lirceus sp. 2 | eae 
sa ag ees ee 
Decapoda HEMIPTERA Bee! eae 
Orconectes nana 8 
‘ieee a mnmmeemmmmnteld ———— 
a ____ DIPTERA 
Tendipedidae 25. 
INSECTA NEUROPTERA Sarcophag idae L5 
PLECOPTERA NaN seme 
anne Une raanenmmmmmammmmnanmmaiil Se 
eT — Sanne 
MEGALOPTERA ee ne 
wialis sp, Lee ae ee eee natin amen eee a 


HTTTTTLTTT 


i 


THEE 


ar rapananannne mm iaiaaaanmssieutaeciattite emmaennmonmenuemmmien aaa 
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BENTHOS ANALYSIS 


OTREAM Spring River STATION S-1 


DATE 


NUMBER OF ORGANISMS 800 TAXA__13 DIVERSITY 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 





Pelecypoda 





CRUSTACEA 
Phyllopoda 


Amphipoda 


Isopoda 








Decapoda 


Orconectes sp. (im.) 























REMARKS: 


E PHEMEROPTERA 

Caenis sp. 

BSS MES ee 
tatum 











Jroent 














TRICOPTERA 
dro che bifida 
syche sp. 


_Cheumatopsyche sp. 
Neureclipsjs crepus- 
_._ cularis oo 


+ 


12-15-64 


Il 
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HEMI PTERA 





NEUROPTERA 








MEGALOPTERA 
Sialis sp. 









































MISCELLANEOUS 














See a CO ta pm MN 





STREAM __Spring River Ss STATION 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 





ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 

















Pelecypoda 
Lum sp. 





CRUSTACEA 
Phy llopoda 


Amphipoda 
Hyalella azteca 


Isopoda 
Asellus sp. 


TITTET UT TELE VETE Le TETTTTTE 





Decapoda 
Orconectes sp. 














INSECTA 


: 
: 
is 











MITTEE 


MM 











REMARKS: 


781 
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BENTHOS ANALYSIS 


S-1 























TAXA 25 

EPHEMEROPTERA 

Ephemera gutty lata 1 
Stenonema tripunctatum 10 
S._interpunctatum 6 
S. ares 9 
Caenis sp. 25 
Baetis sp. 12 
Leptophlebia sp. 











i 











ODONATA 
Lanthus sp. 














HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 











DIVERS ITY, 


DATE. _ 3-10-65 


mrs mammmmrtinn mmm erh NNTENTNSITaS SNOT 





TRICOPTERA 


Helicopsyche sp. 
Phryganea sp. 
Cheumatopsyche sp. 
Glossosoma_ Sp. 
Neophylax sp. 


LEPIDOPTERA 


aaa 


COLEOPTERA 
Optioservus sp. (L 


DIPTERA 

Tendipedidae 
riocera sp. 
rvina sp. 


MISCELLANEOUS 
Acari 


TST eee aman 
Poa vaESO RTT TTT ea meeeeeenemmmnacuentl 


meee 


| LITTLE Hebe 





nh 
i 








TL 


wi 
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DATE 5-31-65 


DIVERS ITY 


TRICOPTERA 
Cheumatopsyche sp. 
Hydropsyche bifida 
Hydropsychid genus A 
Psychomyia sp. 
Helicopsyche sp. 
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STREAM Spring R. STATION S-1 
NUMBER OF ORGANISMS 1650 TAXA 
PLAT YHELMINTHES EPHEMEROPTERA 
Planaria 5 Caenis sp. 
Baetis sp. 
Ephemera gutulatta 
ANNELIDA Isonychia sp. 
Oligochaeta 14 Leptophlebia sp. 
Hirudinea 2 Pseudocloeon sp. 
MOLLUSCA Tricorythodes sp. 
Gastropoda stenonema ares 
Ss. interpunctatum 
S. tripunctatum 
S. nepotellum 
S. bipunctatum 
Pelecypoda 
Sphaerium sp. 6 
CRUSTACEA 
Phyllopoda 
ODONATA 
Amphipoda Gomphidae 
Bacturus sp. 3 
Isopoda 
Lirceus sp. 200 
Decapoda HEMI PTERA 
Orconectes sp. 16 
INSECTA NEUROPTERA 
PLECOPTERA 
MEGALOPTERA 
Sialis sp. 
REMARKS: 





LEPIDOPTERA 


COLEOPTERA 


Optioservus sp. (L) 
O. sp. (A 


eC.) ene 
_Stenelmis sp. (LZ) 
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DIPTERA 
Hexatoma sp. 


Chrysops sp. | 
Tendipedidae 


Simulidae 














MISCELLANEOUS 
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BENTHOS ANALYSIS 


STREAM__Spring River sss STATION ___S-2 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 


ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 


: 











Pelecypoda 


mp. 


TELLLLLL UE TEE TEEPE VETTEL TT BREEREETE 





CRUSTACEA 
Phyllopoda 





Amphipoda 








Isopoda 


Decapoda 
ectes sp. 
ature 
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[ry 











ATTTTTNT] 


MN 











REMARKS: 


272 














7 315 
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TAXA_20 DIVERS ITY 












































E PHEMEROPTERA 
Ephemera guttulata. 
Pesan tentachl abs 
——-praepedifa 
Choroterpes sp. 
Bt BE: 02) 0 ks Ca 2 eee 
BS hy 0: Ee Vy ee 
Heptagenia sp. 
wtenonema inter= 
Semmens © Ute Leg of 0 at th: Reece 
2. pulchellung 
ODONATA 

HEMI PTERA 
NEUROPTERA 
MEGALOPTERA 








TRICOPTERA 


LEPIDOPTERA 


qmeeretea ni NEALE RETA ANTOINETTE NAT 


COLEOPTERA 


DIPTERA 
Hemerodromia sp. 
Simulium sp. 
Eriocera sp. 
Tendipedidas 


MISCELLANEOUS 


nn nee enemas 
nami memati enema 


TN TN AL SN Nee 





DATE_9-14-64 


Ae ETT NTO TNS 





| 


TTL LLLLLBPEE VITTTTEEPE TE TTT 


STREAM Spring River STATION 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 


Goniobasis sp. 


Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy Llopoda 


Amphipoda 


Isopoda 


Decapoda 


INSECTA 
PLECOPTERA 


Isoperla duplicata 


59 


BENTHOS ANALYSIS 
5-2 
TAXA 


E PHEMEROPTERA 
Isonychia sp. 
Stenonema ares 

oS. interpunctatum 
So. tripunctatum 
9. bipunctatum 


13 











DATE 12-15-64 


DIVERSITY 


TRICOPTERA 


il 


\O 
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Branchyptera fasciata ] 


REMARKS : 


TELE 


ODONATA 


HEMI PTERA 


NEUROPTERA 


MEGALOPTERA 


RAAT RT TE a NE LT ENED) 
eh RPE FESO AOE 
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BENTHOS ANALYSIS 


STREAM ___Spring R. STATION__S-2 


NUMBER OF ORGANISMS 


Hirudinea 
MOLLUSCA 


Gastropoda 
Goniobasis SP. 
issia sp. 











Pelecypoda 
idium sp. 


Sphae.rium sp. 


TERETE 


CRUSTACEA 
Phyllopoda 


Amphipoda 
Stygobromus sp. 





Isopoda 





Decapoda 
Orconectes Sp. 











INSECTA 
PLECOPTERA 




















REMARKS: 


1340 


24 























10 
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MTLTTLTTT 


TAXA 21 


EPHEMEROPTERA 
Stenonema ares 
Caenis Sp. 
Ephemera guttulata 
Pseudocleeon sp, 




















ODONATA 

















HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 








fd 





son J 








nal 
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HTT 


renner 


DATE 3-10-65 


DIVERS ITY 





TRICOPTERA 


LEPIDOPTERA 


seerewnnnnnnmmmne nome HTTORSSO 


COLEOPTERA 
Stenelmis sp. (lL) 


Psephenus sp. (i) 


DIPTERA 


Tabanus sp. 
Chrysops sp. 


Tend ipedidae 
Simulidae 


mereotiennnaareni naman GATE CoC, 
Culicoides Sp. 


—_ nln 
ame” 
ESTO aeenienmemmmmemmmmnmaadll 


exeeaseennagmerpemmmecerenennspnnacrcetiitie aE NT aa 


MISCELLANEOUS 


TTT 


EPL OLIILTITT EEE 








een 


STREAM 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 
Nematoda 


ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 


Goniobasis sp. 
Ferrissia sp. 


Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy llopoda 


Amphipoda 
Allocrangonyx sp. 


Isopoda 
Lirceus sp. 
Asellus sp. 


Decapoda 
Orconects sp. 


INSECTA 
PLECOPTERA 
Perlidae 


REMARKS: 


Spring River 


1434 


a 


) 





20 





BENTHOS ANALYSIS 
STATION 
TAXA 4 


E PHEMEROPTERA 
Isonychia sp. 
Paraleptophlebia sp. 
Pseudocloeon sp. 


Baetis sp. 


Heptagenia Sp. 
Caenis sp. 
Tricorythodes sp. 


Leptophlebia sp. 
stenonema ares 


S-2 

















DATE 
DIVERS ITY 


TRICOPTERA 
Helicopsyche sp. 
Chimarra aterrima 
Hydropsyche bifida 
Cheumatopsyche sp. 


ES eee me eee 


























S. interpunctatum 
9. tripunctatum 
S. bipunctatum 

S. pulchellum 
Ephemera varia 


ODONATA 
Gomphidge 


























LEPIDOPTERA 


COLEOPTERA 


Psephenus sp. (LZ) 
Stenelmis sp. (1) 
S. sp. (A) 

Optioservus sp. (L 

sp. (A) 


© 


5-31-65 


12 


—_— 
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ETT 


NEUROPTERA 


MEGALOPTERA 
Sialis Sp. 











DIPTERA 
Tabanus sp. 


Hexatoma sp. 
Simulidae 
Tendipedidae 











MISCELLANEOUS 


























BENTHOS ANALYSIS 




















































































































STREAM Spring River STATION 5-3 DATE S-\4-0e 
NUMBER OF ORGANISMS 270 TAXA 30 DIVERSITY 
PLAT YHELMINTHES EPHEMEROPTERA TRICOPTERA 
Planaria 1 ‘e 0 Mena shch ss “deta 
waanis—sp - 2 vd t ; <9 | 
i a 7 Che tonsyche sp 
ANNELIDA Charoterpes sp 10 Chimarra obscura 
OQligochaeta 1 Baetis sp A 
: 10 
MOLLUSCA St tema sp (im) 5 
Gastropoda Ginterpunctatum 3 
Goniobasis sp. 10 S. pulche lium Z 
Amnicola sp. 2. S. nepotellun 9 
Ferrissia Sp. 3 
ee 
a 
Pelecypoda Cis Empty cases 
Sphaerium sp. se ee ee ete 
ee LEPIDOPTERA 
eee eae een ee ee eee 
CRUSTACEA 
Phyllopoda COLEOPTERA 
ODONATA __Psephenus spi 
Amphipoda Argia sp. (im.) 3. _Optioservus sp. (1) 
—— _0. sp. (A) 
Stenelmis sp. (I) _ 
Isopoda S. sp. (A 
sateeuapmtineereiinaammtistin savamrmmncsiniuaanciinnness Tro aeammmnalll 
atte ere emer 
Decapoda HEMI PTERA eget age eee eee 
Orconectes nana 8 a en ee 
meeennenerernpeininatin ee EAS ETN SSO 
DIPTERA 
i —— Tendipedid 
INSECTA NEUROPTERA HEME FOG LOMITA SD nennere 
PLECOPTERA Corydalus cornutus 20 EriOcergd Spe en 
+ —Chrysops Sp, 
Simulium sp, aoe 
MEGALOPTERA 
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REMARKS: 





eee aa TST TT TE 
rl 
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eT Nt TO NN 


MISCELLANEOUS 


IVTEEEE VULITEEEEE VT HITT TTT EH 
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BENTHOS ANALYSIS 














DATE 12-15-64 


DIVERSITY 


TRICOPTERA 


Cheumatopsyche Sp. 
Hydropsyche bifida 
Chimarra feria 


Polycentropus sp. 


123 
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LEPIDOPTERA 


COLEOPTERA 


Psephenus sp. (L) 
_Stenelmis sp. (L) 

Optioservus sp. 

O. sp. (L) 


























DIPTERA 
Tipula sp. 
Simulium sp. 
_Chrysops spe 
Eriocera sp. 


Tendipedidae 














pee OeT a fn ss ceenetbntaeeetddeatddinedd bnddtenddbanded inetd endddnndet a: _sannneene snennen teenenneseeeneedllnnnI nesmemmmmmmemeaneesectchaetasttentasaetceeeendtacetermenenenbtamanettehdam naa eneaneaumannennenneneanmannannennennennennennemasensmmansttitindieniiiiittidttinastashdanaienthtestiittiiatttite dentist anita t beaiteateeneemannnennnnenedl 


MISCELLANEOUS 
Collembola 


‘Sr TITLE = (IU INUUNNIIIIII §=— IRR NUNN RRRRRRRUHRRI INU IRIIRIIRIIELEEIDEEENNNNNNNRARRRRRRRRRRRRRRRRRRRRRAR =I 


——a—— MM Dg zUJI.ZCZ0= ™401='TU0UQC} OC CCOOOC@( ZT === mimi ££ iT  — § — SARNRARANRANANARRARNRARRARAIR 


STREAM Spring River STATION $-3 
NUMBER OF ORGANISMS 517 TAXA 26 
PLAT YHELMINTHES EPHEMEROPTERA 
Stenonema tripunctatum_29 
S. gildersleevei - 
Isonychia sp. __116 
ANNELIDA Ephemera simulans i 
Oligochaeta 5 
MOLLUSCA 
Gastropoda 
Goniobasis sp. 6 
Ferrissia sp. 26 
Pelecypoda 
Seheos fim sp LL... ee 
CRUSTACEA 
Phyllopoda 
ODONATA 
Amphipoda Argia sp. 1 
Lsopoda 
Decapoda HEMIPTERA 
Orconectes sp. 2 
INSECTA NEUROPTERA 
PLECOPTERA tasamiatga 
Allocapnia sp. ee 
Hydroperla sp. 5 
MEGALOPTERA 
Corndalus cornutus 7 
REMARKS: 


124 


BENTHOS ANALYSIS 





















































































































































MISCELLANEOUS 


TT eamemennenememmeammaetl 
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ean seaaeemeemmmmmennamennd i mmaaaannl 

















STREAM Spring R. STATION 58-3 DATE 3-10-65 
NUMBER OF ORGANISMS 525 TAXA 23 DIVERS ITY 
PLATYHELMINTHES E PHEMEROPTERA TRICOPTERA 
Isonychia sp. 12  Cheumatopsyche sp. 3 
Caenis sp. 1] Psychomyia Genus A ii 
Eplimera guttulata 10 Helicopsyche borealis 3 
ANNELIDA Potomanthus sp. 5 
Oligochaeta 29 Stenonema ares 58 
Stenonema interpunctatum 113 
MOLLUSCA ames | mena 
Gastropoda ee 
Goniobasis sp. a a aa 
Ferrissia sp. 43 1. 
eee 
ee ee 
Pelecypoda ge re ee ae 
Sphae rium sp. 1 aa aa 
_______ LEPIDOPTERA 
Cataclysta sp. i 
CRUSTACEA ~~ 
Phyl lopoda ~~ COLEOPTERA 
ODONATA Psephenus sp. 32 
Amphipoda Argia Sp. 9 eneimis Sp. 6 
ete eneimis Sp. 2 
— ———  -‘Uprioséervus Sp. pul 
Lsopoda oe Toservus Sp. 2 
aon nc 
Decapoda HEMIPTERA aa 
Orconectes punctimanus 1 oe ee eles. ee 
Sa eiiete a 
spec _____._- DIPTERA 
INSECTA NEUROPTERA ees 
PLECOPTERA 
Hydroperla sp. eee See 
Acroneuria arida ——— a 
Perlesta placida MECALOPTERA aera ae ai ah 
Corydalis corydalus 32. ————————————————— 
Sialic sp i 





REMARKS : 
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nen samaameseeemmmnnmmmmmmannmammuuaiuiiel 


IZ 


wn 


BENTHOS ANALYSIS 















































































































































STREAM Spring River STATION S-3 DATE 5-31-65 
NUMBER OF ORGANISMS 614 TAXA 35 DIVERS ITY 
PLATYHELMINTHES EPHEMEROPTERA TRICOPTERA 
Planaria 2 Isonychia sp. 17 Hydropsyche bifida 2 
ates _té“‘é‘“‘C.WD)6UhBeptapenia sp 50 Cheumatopsyche sp. 2 
Tricorythodes sp. 9 Helicopsyche sp. 2 
ANNELIDA Caenis sp. a2 Neophylax sp. > 
Oligochaeta to Baetis sp. 92 
Hirudinea 1 Choroterpes sp 8 
MOLLUS CA Pseudocloeon sp 7 
Gastropoda Stenonema pulchellum 3 
Goniobasis sp 6 S. interpunctatum 33 
Physa sp. 2 S. tripunctatum 3 
Ferrissia sp. 25 
Pelecypoda 
Psidium sp. 25 
Sphaerium sp 3 LEPIDOPTERA 
CRUSTACEA 
Phy llopoda COLEOPTERA 
ODONATA Psephenus sp. (L) / 
Amphipoda Optioservus sp. (1) 16 
Hyallella azteca 1 Q. sp. A 4 
Stenelmis sp. (L) 28 
Isopoda S. sp. (A) 6 
Lirceus sp 16 
Decapoda HEMI PTERA goaees 
Orconectes sp. 42 
DIPTERA 
Simulidae 2 
INSECTA NEUROPTERA Tendipedidae 105 
PLECOPTERA Hexatoma sp. 17 
Tabanus sp. 1 
MEGALOPTERA _ 
MISCELLANEOUS 
Sareea ____—s—sC«;C|: Nematoda 6 
REMARKS: 


BENTHOS ANALYSIS 


STREAM Honey Creek STATION Sh-1l 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 








ANNELIDA 
i haeta 


MOLLUSCA 
Gastropoda 














Pelecypoda 








CRUSTACEA 
Phyl lopoda 





Amphipoda 








Isopoda 








Decapoda 














INSECTA 


: 
: 
5 











Mt 











REMARKS : 


138 





HTT | 
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ieee 


TAXA 18 


E PHEMEROPTERA 
Baetis Sp. 
Choroterpes sp. 
Caenis sp. 
Stenonema ares 
inter punctatum 
. tripunctatum 
S. pulchellum 


TaALW 


} 











Heptagenia flaresence ) 


Lsonychia sp. 


Heptagenia Tuc idipen 


Centroptilum sp. 
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ODONATA 

















HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 











eae a 
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NT 
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TTT 


DATE 9-17-64 


Fr CE ee aml 


DIVERSITY 





TRICOPTERA 
Oecetis eddlestoni 


LEPIDOPTERA 


aoe epemmeaemmmmeanaemmnammmmmauanmauuaid 


COLEOPTERA 


DIPTERA 


Tendipedidae 
Simulium sp. (L) 


Chrysops sp. 


Hemerodromia Sp. 


MISCELLANEOUS 
__$Nematomor pha ne 


OTe 
ener nT iinemnemcmmmnamaml 


nT nail 


LTTTTTLITE 


TLE ULITEEEE TTITTTET 
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STREAM Honey Creek STATION Sh-1 DATE 12-16-64 
NUMBER OF ORGANISMS 64 TAXA 8 DIVERS ITY 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
—__._ __Stenonema tripunctatum 1 _Cheumatopsyche sp. 2 
ANNELIDA 
~Oligechaeta_-___-- __40) ee eo. 
MOLLUSCA 
Gastropoda 
Pelecypoda ities 
eee LEPIDOPTERA 
CRUSTACEA ——e 
Phy llopoda COLEOPTERA 
ODONATA Stenelmis sp. (1) ae 
Amphipoda Ses, Ss 
Isopoda a 
Decapoda HEMI PTERA Bieditate 
Orconectes luteus 1 ee ee ey See 
DIPTERA 
Tendipedidae a 
INSECTA NEUROPTERA _Chrysops sp. 13 
PLECOPTERA ee 
Immature 2 ees ———— 
MEGALOPTERA ee 
MISCELLANEOUS 
REMARKS : 


BENTHOS ANALYSIS 


STREAM_ Honey Cr. _STATION__Sh-1 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 








ANNELIDA 


MOLLUS CA 
Gastropoda 


HT 








Pelecypoda 








CRUSTACEA 
Phyl lopoda 


Amphipoda 





Isopoda 








Decapoda 














INSECTA 
PLECOPTERA 
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Mt 


PLETE PP TEE VEE TEEPE 








REMARKS; 


1096 
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TAXA 9 


EPHEMEROPTERA 




















ODONATA 

















HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 








DATE 3-16-65 


DIVERS ITY 





TRICOPTERA 





LEPIDOPTERA 


mare STEEN TSN 


COLEOPTERA 
Hydaticus sp. (1) 


DIPTERA 
Chrysops sp. 
Tendipedidae 
Simulidae 


MISCELLANEOUS 


SST Oe esmamamtaammenanmmmmmneemmmmmanutamneel 
eam mca aan 
a etimmeinnn az statitieeee enema 


‘een eee ee ep cr EE OP 


A ITTTTTTT 


b LTLTTEL EE 


| a 
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NT 


STREAM 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Nematoda 


ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Physa sp. 


Pelecypoda 





CRUSTACEA 
Phy Llopoda 


Amphipoda 





Isopoda 





Decapoda 


INSECTA 
PLECOPTERA 
Perlesta placida 
Neoperla clymene 








REMARKS: 


Honey Cr. 


109 





BENTHOS ANALYSTS 
STATION 
TAXA 


E PHEMEROPT ERA 


Stenonema interpunctatum 6 


Caenis sp. 
Baetis Sp. 
Pseudoc loeon sp. 


Sh-1 


i 


oN 














DATE 
DIVERS ITY 


TRICOPTERA 
Cheumatopsyche Sp. 


1 


ho 


531-65 








ey eetesmieeeel iceland acne renee et etter ebtetinanetsein et oct ia en ananaeaeeeeeeatelemnanaamaneeenamieiiiateimnnniaasel erage aE 
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ODONATA 


HEMI PTERA 


NEUROPTERA 


MEGALOPTERA 


OUTED TE TEA 


TET 











LEPIDOPTERA 


COLEOPTERA 
Stenelmis sp. 


. Sp. 


Optioservus sp. (A) 
O. sp. CL 


(1) 























DIPTERA 
Tendipedidae 
Chrysops sp. 
Tipula sp. 

















MISCELLANEOUS 
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STREAM williams Creek STATION 


NUMBER OF ORGANISMS541 


PLATYHELMINTHES 


: 





ANNELIDA 


Hirudinea (2 spp.) 
MOLLUSCA 
Gastropoda 

















Pelecypoda 








CRUSTACEA 
Phy llopoda 


Amphipoda 
Hyalella azteca 


PLETE EE TTT TEE TEEPE 





Isopoda 








Decapoda 














INSECTA 
PLECOPTERA 
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TT 


BENTHOS ANALYSIS 


Sw-1 


ammmmmamnenseni mere or NEDO LSSENNNTETOASSEN TT 


TAXA 8 


E PHEMEROPTERA 











Hh 











ODONATA 

















Fi 


MIPTERA 














NEUROPTERA 





MEGALOPTERA 











DATE 9-17-64 


DIVERSITY 








TRICOPTERA 


LEPIDOPTERA 


Tn TU aaa 


COLEOPTERA 
_Stenelmis sp. (A) 


MISCELLANEOUS 
Cladocera 


Jann Riri mio nen Sse a 
eee Tn a emma 
nn rT eminem el 


Po aman 


LE VULLLUVTVE TL LUTTE 


Tk TN 


STREAM Williams Creek 


ce 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 


ANNELIDA 
_Oligocaheta 


Hirudinea 
MOLLUSCA 


Gastropoda 


Pelecypoda 








CRUSTACEA 
Phy Llopoda 
Amphipoda 


Isopoda 


Decapoda 





INSECTA 
PLECOPTERA 


gem eA ER I Pt PS NES 
rN eed 


REMARKS: 


208 


BENTHOS ANALYSIS 


o TATION 


EF PHEMEROPTERA 


Sw-1 


TAXA 5 


iat 


DATE__12-15-64 


DIVERSITY 


TRICOPTERA 


. sano tieean en mda mm nnoeaneaeememmmemmmemn esteem etter ccna deiemmmmmmiesinnd beeemanenaaaiatad TH 


ie eeeatieeatemedl ia ater eesiteitteaansanmmmmmmmmre bet teen tiie tite nai eiebietetinb bli timmnneiiibibastiblihin einenaninniiiiel easter ariakatehien nna memarammineaal 


— Ln aii ae ateneenl Se hihi hhh eit Aitiiliemnnel sees annenad 


aaa maaan aed henaanieiaiiiiatimeneiiiiiatmen! _ atte TANI fr IP EPA RN tra AI, eee REET 


ce: mane Ce nisebianibiiiieeimnneadicdinnisaaanaiel STF DANA Pree Gh ON A PS RU ereacaneemee it 


ODONATA 


LEPIDOPTERA 


COLEOPTERA 





LETTE 


HEMIPTERA 


NEUROPTERA 


MEGALOPTERA 


| 


LTE 











DIPTERA 


Tendipedidae 
imujium sp. 

















MISCELLANEOUS 














TPR OTT 


HT 








STREAM 


Williams Cr. 


NUMBER OF ORGANISMS 313 


PLAT YHELMINTHES 


| 





ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 


7 











Pelecypoda 
rium sp. 





CRUSTACEA 
Phyllopoda 


Amphipoda 
ammarus sp. 


FATITTE TE TEER TEE TEEPE TEE 


Isopoda 





Decapoda 














INSECTA 


: 
3 
5 
tl 
5 











Mt 


MTTTTTTTT 


I 











REMARKS: 























IT 1 


BENTHOS ANALYSIS 


STATION _5w-l 


TAXA __ 7 





EPHEMEROPTERA 











i 











ODONATA 

















HEMI PTERA 














NEUROPTERA 





MEGALOPTERA 








DATE 3-10-65 





DIVERSITY 


TRICOPTERA 


LEPIDOPTERA 


anna nammmmiaansl 


COLEOPTERA 


DIPTERA 
Tendipedidae 


MISCELLANEOUS 


ne eames a as 
a a aaenenaaamaml 
ne aan 


na ema 





HUTTE 


TLL TUTTE VEEP | 
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STREAM__coring River STATION 


NUMBER OF ORGANISMS 282 


PLATYHELMINTHES 








ANNELIDA 


i 


Hirudinea 
LUSCA 


Gastropoda 


| 








Pelecypoda 


4 





CRUSTACEA 
Phyllopoda 





Amphipoda 








Isopoda 





Decapoda 
mnature 


2 



































= 
nh 





.@ 2) 








ows 








MEL TTTTT 


BENTHOS ANALYSIS 


S-4 


TAXA 22 


EF PHEMEROPTERA 
Vaenis sp. 
-ricorythodes sp. 
Ephemera guttylata 


Heptagenia species B 
Paraleptophdebia sp. 


Choroterpes sp. 
Baetis Sp. 
otenonema ares 

5. interpunctatum 
S. nepotellum 

Ss. tripunctatum 


ODONATA 











NEUROPTERA 





MEGALOPTERA 






































DATE 9-15-64 


DIVERS ITY. 





TRICOPTERA 








LEPIDOPTERA 


ALAAMLALAAAAAAAAA ALO AAAAAlAADOON 


COLEOPTERA 
wm PSL PD ERUS SP lL) neem 


DIPTERA 
Tendipedidae 


MISCELLANEOUS 


AMAL NLA LLL DLL ONO 
nn een 
LAMA AN 


SLAM AALAND 


TEL VATE TIVTTTRRRE PTET 


Ve . SN 8 PEt oe AYER tt ENS NOP EPA 2 RE TEE ITEAHN TE A OET ETT RE = Ee 


STREAM 
NUMBER OF ORGANISMS 


PLATYHELMINTHES 
Planaria 


ANNELIDA 


Oligochaeta 
Hirudinea 
MOLLUSCA 


Gastropoda 


Pelecypoda 


CRUSTACEA 
Phyllopoda 


Amphipoda 
Crangonyx sp. 


Isopoda 
Lirceus sp. 


Decapoda 
Immature 





INSECTA 
PLECOPTERA 








I 





REMARKS : 


Williams Cr. 


947 


BENTHOS ANALYSIS 
STATION 
TAXA 


EPHEMEROPTERA 
Baetis sp. 


Sw-1 


DATE 5-31-65 
DIVERSITY 


TRICOPTERA 


 annnnnemiitiiiiiiiieeieenenn ieee iil oa naan handel ei — Yr  t ,A  Ooeo oo  AAD, A  , 


‘TITTIES = _“SNINNNNUnnI SNC cree NANA ANTI ERS’ ‘AAO i EEE SE P/O le rH Hs 


- weunnommaens aieeeeeaeennnnmmiiiieeeeeeeeeeeeeee el  ceaaesaseseanaaeanannnnnemmtaitenaiiel Penn TET ae a oe eaneenaanmentenenetanannan nnn mmmmmmmmetelaeneeenetaennnen anna mmaataceinaauuumunenl ss ssstaiiniaiaieaaennnnmel 


PERSIAN EAA («SEER UYEAANNAINONI «(NRE MAINT Toni RMMNNNNNNNNN «= AEA, 











— 














| 


TTT 


ODONATA 


HEMI PTERA 


NEUROPTERA 


MEGALOPTERA 








LEPIDOPTERA 


COLEOPTERA 
Optioservus Sp. (L) 














DIPTERA 


Tendipedidae 
Simulium sp. 














MISCELLANEOUS 











EY £$$W I 8 i HIHINNNNNNNEMERTETHNNNNNNNNNNNIiiA\ AT innnnNNNNNAOAA  — — — — SIauITiniNNNNenRel 


ttt SEER enn I TP PANE PNR IE LOTION, a 
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BENTHOS ANALYSIS 


STREAM Spring River STATION 8-4 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 
Qligochaeta 
Hirudinea 

MOLLUSCA 

Gastropoda 
Ammicola sp. 
Goaiol — 

Ferrissia 
Hydrobia sp. 

Pelecypoda 
Pgsidium sp. 
Sphaerium sp. 


CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 





Decapoda 
Orconectes Sp. 





INSECTA 
PLECOPTERA 


Taeniopteryx parvula 





REMARES: 














DATE 


DIVERS ITY 


TRICOPTERA 


12-16-64 


1 


ey 


TTTLTTLT FR 


SARL =I eT TH SG NPI a/v TNO /Y SMI PE 











A iaetiibesaeaaeaaaenannanenl Cs saaasaantinttasansetasanaetasenentaestesenezaem ene ene emma a deseenetaeeteeengnetehtth tiie tatiana a amet die ere imeaiaeeeaeenmeannnnnmmmmmnnnnnendl a a ae 








COCA TN = =&§ TENN  — «ETOH RHONA ARR NA) rrTRNNNIMNAKIANNNY —«_STPTertrinunn 





891 TAXA 30 
EPHEMEROPTERA 
——— —Leptophelehia sp. dU 
i a aahad 
—Ephemera guttulata 3. 
—Ephemeridae ae 
60 Isonychia sp 7 
7 _Caenis sp 
2. GS. interpunctatym 109 
60 S. tripunctatum 4 
10. _Ameletus ludens __ 4. 
L _Hw(Bactidae) ——-_ 
21 
25 
ODONATA 
HEMI PTERA 
6 
NEUROPTERA 
MEGALOPTERA 
cE 


Corydalus cornutus 











DIPTERA 


Tendipedidae 
Simulidae 




















MISCELLANEOUS 























yee yeammentae the! eye crmmem ements iit ntentte tg AMAA Np ehARIRA RS HANI SER Ii TO TS NAA NIRA OS SI : | j 


Hirudinea 
MOLLUSCA 


Gastropoda 
Goniobasis sp. 
Amnicola sp. 
Ferrissia sp. 





Pelecypoda 
Sphaerium sp. 


TTT 





CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 
Lirceus sp. 








Decapoda 
Orconectes sp. 





















































IZ 








10 








MTEL 


BENTHOS ANALYSIS 


STATION 574 


1902, ———S—CST'AXA 


E PHEMEROPTERA 
we GGED1S SDs 





as _ripunctatum 
S. interpunctatum 











ODONATA 
Ophiogomphus sp. 
Gomphidae 


| 


[|| 











HEMI PTERA 














NEUROPTERA 








E 
> 
S 
3 
> 





3 


Le | 





cEL 





Ww 
rm 





Fe) 
© 
© 











1 


| 


ATLL 


DATE 


DIVERSITY 


3-10-65 





TRICOPTERA 
Ps | Rd EJ id 


LEPIDOPTERA 
Cataclysta sp, 


COLEOPTERA 
Psephenus_ sp. 


Stenelmis sp. (L) 
S. sp. (A) 
Optioservus Sp. CL) 
O. sp. (A) 


DIPTERA 
Chrysops sp. 


Tendipedidae 
Simulidae 


Fane nEaciT inn ORIENT AIPPET NAOT nama 


Atherix variegata 


MISCELLANEOUS 


; = anTnnTnnen mma mmm 
Sao enema een 
teervrsg PRE RELR ALAE 


ATTN NTT TIE 


LELbL 


TT TTPTEEEEL TTTLTREEBE TE TTTTTTTN 
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STREAM Spring R. STATION 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 


Oligochaeta 
Hirudinea 
MOLLUSCA 
Gastropoda 
somatogyrus sp. 
Amnicola sp. 
Goniobasis sp. 
Ferrissia sp. 


Pelecypoda 


Psidium sp. 
Sphaerium sp. 


CRUSTACEA 
Phyllopoda 


Amphipoda 


Isopoda 
Lirceus sp. 


Decapoda 


622 





BENTHOS ANALYSIS 


E PHEMEROPTERA 


Gaenis sp. 
Potamanthus_ sp. 
Baetis sp. 
Heptagenia sp. 


Ephemerella bicolor 
Stenonema ares 
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DATE 6-1-65 


DIVERS ITY 


TRICOPTERA 


ES —— PHIRI REE E EERE -<-- MINNIE NNN NNN NNN NN NCO NNNTNNNNONCOOODIODDOOOIOOR §=§«§ GNU «NAN Artfrirrttrtrrl NP NNO re TTS «UL IIYHIRHINNINHINIINITHTIINIYIHHHHY 





Sa interpunctatum 
S. bipunctatum 
Ss. nepotellum 











(CRRGEEEESPSFETrrrerreverecqre=: tag gjecteeregqueeeenpeengmnp penne NINE AAO I TTS «A 


A «=I RRNA == NTO SSESY «== ern NNN RI OEAERNAAA ELAS «III, 


«= URS == ‘USPC, HOO utivvvvvgrvrg ll nF PII IU Pe sssiaisssisiseitceacccnns «IIIA 








ODONATA 
Gomphidae sp, 





COLEOPTERA 
Psephenus sp. (L) 





 sasaassnsemnennasmnenanamananaamatbeaenasaaneanel 
Senneterre PPE EEE EY ELDON TTT TS «RNR SSE "TT CTo-ivoyptiv nvr ppesetresennensatieeteenetrentresentreconestittntiitR hit re 








Orconectes eupunctus 5 


6 FAR): a 


INSECTA 
PLECOPTERA 


20 PS ETT TT TT IOI ITO aE AAT 
9 Sater pecrrdrtetreaE NEE RSS SEE SERES SSSA 


REMARKS : 








S. sp. (A 














PPV, === MTUEEESVSCUEWEEe:”§ («ssn UU UU ULI STAT — NYY 


NEUROPTERA 


MEGALOPTERA 





DIPTERA 
Tendipedidae | 




















MISCELLANEOUS 
Nematoda 














a aaeecmmmpmpuamemmsnaam mens iiinee mnmmaaneaea eee mammals sats. pe 














ast ie fetew ee ~ es 2 aie mere weet . : 


BENTHOS ANALYSIS 


STREAM spring River ss STATION__S-5 


PLAT YHELMINTHES 





ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 
—Goniobasis sp. 


BUT TILL VTL TEPTTTTBREEEEBEED 








Pe lecypoda 
_.phaerium sp. 





CRUSTACEA 
Phyl lopoda 





Amphipoda 








Isopoda 








Decapoda 
Orconectes nana 














INSECTA 


PLECOPTERA 
Neoperla clymene 




















REMARKS; 





























we 
VJ 








MTT 





E PHEMEROPTERA 


Ephemera guttylata 


Potomanthus sp. 
sonychia sp. 


isonychia Sp. 
Stenonema ares 
5. interpunctatum 


5. bipunctatum 
S. sp. (Cim. 











ODONATA 

















HEMI PIERA 














NEUROPTERA 

















NUMBER OF ORGANISMS 515 TAXA 26 | 





ITIL 


DIVERS ITY 


TRICOPTERA 
Limninhli | 


LEPIDOPTERA 


sannnmmtcanp nee mmsasacicaceAEE NCE ETORNOA sec ENTE TTT 


seinen ceiticenaea eT atg LAO ETNCC eA 


COLEOPTERA 


Stenelmis sp. (A) 
S. sp. (CL 


Psephenus sp. (LL) 


DIPTERA 


Tendipedidae 
Eriocera sp. 
Simulium sp. 


MISCELLANEOUS 


nn ie 
ae pesmi nme 
a er anatase seems 


il 


DATE 9-15-64 


JeueTieteslenennenintTnOToETUITTIY enU Caine 





TIVITEEE UIVLLLL BBE TT BLLITTTTVTT +E 


HH | 


STREAM Spring River ss STATION__S-5 


BENTHOS ANALYSIS 


NUMBER OF ORGANISMS 1,575 TAXA 


PLATYHELMINTHES 


ANNELIDA 

ODligochaeta 
Hirudinea 

MOLLUSCA 


Gastropoda 
E@Lrissia Sp. 
Goniobasis 
Helisoma sp. 


Pelecypoda 
gphaerium sp. 


CRUSTACEA 
Phyllopoda 


Amphipoda 


Isopoda 


Decapoda 
Orconectes sp. 





INSECTA 
PLECOPTERA 


Neoperla clymene 

Neophasgonophora 
capitata 

Isoperla clio 

I. duplicata 

Taeniopreryx nivalis 

Allocapnia sp. 





REMARKS: 


E PHEMEROPT ERA 
Stenonema ares 
Ss. nepotellum 
5S. tripunctatum 
.S. gilders leevei 
Ephemera simulans 
Leptophlebia sp. 
Isonychia sp. 
Potomanthus sp. 
Caenis sp. 


36 





























DATE 
DIVERSITY 


TRICOPTERA 


Hydropsyche sp. 
Cheumatopsyche sp. 
Agapetus illini 


12-16-64 


13 


© 








fmt 








TTT ana a Se REEMA, a tle ARAN iii A nimi — 


— eeeneneteiiel bs eennnnnnaatemeattttind sespzsanehhaannunnumnonuanuuannmen een tent mmm bbe tbaebatabamsetatamasanesenannnnnne neemeememmmtaiiataumumuuuumuuuuanl ae taetteenisananaanaaiaaabdinditdaantll 








ODONATA 
Gomphidae (im. ) 
Argia sp. 














Empty cases 


LEPIDOPTERA 


COLEOPTERA 
Stenelmis sp. (1) 
S. sp. (A 
Optioservus sp. (1) 
O. sp. (A 


Psephenus sp. (L) 












































NEUROPT ERA 


MEGALOPTERA 
Sialis sp. 


Corydalus cornutus 














DIPTERA 

‘ ; 
=r 
wt LOCELa SD. 
MISCELLANEOUS 














LTT EEF 


| 


STREAM Spring R. STATION 


LOTT nn eeetmeesemmmmemmmmucmmmastl 


NUMBER OF ORGANISMS 2124 


PLATYHELMINTHES 





ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 
Ferrissia sp. 
Goniobasis sp. 


Pelecypoda 
Sphaerium sp. 





CRUSTACEA 
Phyl lopoda 





Amphipoda 








Isopoda 
Lirceus sp. 


Decapoda 
Orconectes nana 











INSECTA 
PLECOPTERA 


richardsoni 




















Branchyptera fasciata u 


Perlesta placida 
Negperla clymene 
Hydroperla nalata 











REMARKS: 

















BENTHOS ANALYSIS 


$-5 


S. tripunctatum 
S. pulchellum 


S. interpunctatum 
S. nepotellum 


S. ares 














ODONATA 
Gomphidae 


ITE TIT 














HEMI PTERA 














NEUROPTERA 





MEGALOPTERA 
Corydalus cornutus 











M 












































1 


MTT | 


DATE 3-9-65 


DIVERS ITY. 








TRICOPTERA 

Neureclipsis sp. 
Neophylax sp, 
Limnephilus consocius 
Agraylea multipunctata 


Cheumatopsyche 


Rhyacophila bi 


Chimarra obscura 
Psychomyiia flavida 


LEPIDOPTERA 

Cataclysta sp. 
COLEOPTERA 

Psephenus sp. (L 
Stenelmis sp. (A 


Stenelmis sp. (L 


Optioservus sp. (L) 


DIPTERA 
Hexatoma sp. 


Tendipedidae 


MISCELLANEOUS 


Acari 


EIEIO ean ea mel 
nr anaemia 
AAAI ALLEN TTT 


EE a sninnmanne REE senate emmemmmreiaeeeammmmmmeiaaaacamamnaunid 


BEE Lb LTLLLIEEGEEEE 





TTL 





re 
© 
© 
a) 


IE UTE 


STREAM Spring R. 


NUMBER OF ORGANISMS 
PLATYHELMINTHES 


Planaria 


ANNELIDA 


Oligochaeta 
Hirudinea 


MOLLUSCA 
Gastropoda 
L aea Sp. 


Goniobasis sp. 
Ferrissia sp. 





Pelecypoda 
Sphaerium sp. 





CRUSTACEA 
Phy Llopoda 


Amphipoda 


Isopoda 
Lirceus sp. 


Decapoda 
Orconectes nana 











INSECTA 
PLECOPTERA 


Neoperla clymene 
Hydroperla crosbyi 











REMARKS: 


454 






































BENTHOS ANALYSIS 
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TELL TTP 




















STATION 5-5 DATE 6~-1-65 
TAXA 34 DIVERSITY 

EPHEMEROPTERA TRICOPT ERA 

Paraleptophlebia praepedita 1 Cheumatopsyche sp. 

Potomanthus sp. 30 | 

Ephemera simulans 3 

Caenis sp. 2 

Isonychia sp. 3 

Baetis sp. 21 

Heptagenia sp. 35 

Stenonema ares 22 

S. Interpunctatum ll 

S. tripunctatum 7 

S. pulchellum 30 

S. nepotellum 14 

__.__. _-—- LEPIDOPTERA 

COLEOPTERA 

ODONATA Psephenus sp. (L) 

Ophiogomphus Sp. 2 Stenelmis sp. L 
Stenelmis sp. (A) 
Optioservus sp. (L 
Optioservus sp. (A 

HEMI PTERA 
DIPTERA 
Hexatoma Sp. 

NEUROPTERA Tipulidae 
Hemerodromia sp. 
Tendipedidae 

MEGALOPTERA 

Corydalus cornutus 24 





ROBBER ALLL ALLTEL TEE TTT ETE ET RS PES AE TTT TTT TT TT TT TECTIA 








MISCELLANEOUS 














BENTHOS ANALYSIS 


STREAM Spring River STATION S-6 





Gastropoda 
Goniobasis sp. 


Ferrissia sp. 


Amnicola sp. 
Pleuricera sp. 


Pelecypoda 
rium sp. 


| 


TTL TLT 





CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 


Decapoda 











Neoperla clymene 

















Nh 
wi 

















Wn 





| 


MITTEE 


Mt 


8 


EPHEMEROPTERA 


Ephemera guttulata 
aenis sp. 
icorythodes sp. 
aetis sp. 
Stenonema ares 
S. nepotellum 
. interpunctatum 
S. bipunctatum 
Heptagenia sp. 


il 


| 

















QDONATA 

















HEMI PTERA 














NEUROPTERA 


Sisyra sp. (near) 





MEGALOPTERA 











TAXA 22 


-— 





tho 





to 
in 





Lo 
© 





re 
ia 





not 
Ln 





3 
wi 





IT 


HT 


© 


= 


| 


MTT 


DATE 9-15-64 





DIVERS ITY 





TRICOPTERA 


LEPIDOPTERA 


nal 


COLEOPTERA 


Stenelmis sp. (A) 
S. (L) 


DIPTERA 
Tendipedidae 


MISCELLANEOUS 


Torn essnemaniemmneeeaaeamemmmaienummmmnummenl 
TTT ammeaaennmmmmmumuualll 
emcee TESS 


erie AAT A 


| LUITETLITET 





= TALL BE 





TLV 


al 
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BENTHOS ANALYSIS 


STREAM Spring River —s——sCSSTATION _S-6 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 


Hirudinea 
MOLLUSCA 

Gastropoda 
obasis sp. 
sa_ sp. 
issia sp. 
cola sp. 
lisoma sp. 

Pe lecypoda 


Sphaerium sp 


| 


* 


| 





CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 
Orconectes sp. 














INSECTA 


: 
: 
5 




















REMARKS : 


1278 









































METTLE 


DATE 3-9-65 





Tricorythodes Sp. 


——. 
13 


DIVERS ITY. 





TRICOPTERA 





TTT asmenmeememnemaauabiaeel 


Stenonema interpunctatum 16 


S. bipunctatum 
S. nepotellum 








ODONATA 
Argia sp. 








HEMI PIERA 











NEUROPTERA 





MEGALOPTERA 














LEPIDOPTERA 


panne aediieincmemeanumunaunt 


COLEOPTERA 
Optioservus sp. (L 
Stenelmis sp. (L 
S. sp. (A) 

““Dubira phia sp. 





(L) 


DIPTERA 
Tendipedidae 
Tipulidae 


PNT “Sonn namin 


MISCELLANEOUS 


Acari 


en ee nenmaanaieeaaemintiateanemmmucmmmunmmaauutl 
nT eemennnmmmnmmamal 
a nan eenennieemmenemmemmel 


—OO mal 


kU] VTE 





pt 
mined 





' 





IL UTE TI 


STREAM Spring River 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 


ANNELIDA 
Oligochaeta 
Hirudinea 

MOLLUSCA 

Gastropoda 

Gontobests. SP ss. 
Helisoma sp. 
Amnicola Spe 


Physa Spe 
Ferrissia sp. 


Pelecypoda 
ey se 


CRUSTACEA 
Phy llopoda 


Amphipoda 


Isopoda 


Decapoda 


reonectes Sp. im 





INSECTA 
PLECOPTERA 


—Nemoura Sp. 





REMARKS : 


1,999 








BENTHOS ANALYSIS 


STATION 576 


TAXA 29 


E PHEMEROPTERA 


|| FEREEE 


DATE 
DIVERS ITY 


TRICOPTERA 
__Cheumatopsyche sp, 


12-17-64 


144 


ees 





NSD, «=A SDSS |= ie nfo hr het ny i 











ODONATA 


—Argia sp, 
poneiidace Gan 


HEMI PTERA 











LEPIDOPTERA 





COLEOPTERA 


_Psephenus sp. (L) 

Stenelmis sp. (1) 

S. sp. (A 

Dubiraphia sp. (L) 
_Berosus_ sp. (L) 
_Optioservus sp. (L) _ 

















eee sss === a 


eee 


—Sisyra spe 





DIPTERA 


Tendipedidae 
Tipulidae (im.) 





MEGALOPTERA 
Corydalus cornutus 
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BENTHOS ANALYSIS 











STREAM Spring River STATION S-6 DATE 6-1-65 
NUMBER OF ORGANISMS Sample lost TAXA DIVERSITY 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
ANNELIDA 
MOLLUSCA ee 
Gastropoda 
Pelecypoda —— 
= ______ LEPIDOPTERA 
CRUSTACEA es 
Phyllopoda COLEOPTERA 
ODONATA —_— 
Amphipoda — 
Isopoda i 
Decapoda HEMI PTERA ——_ 
DIPTERA 
INSECTA NEUROPTERA _ 
PLECOPTERA ——— 
MEGALOPTERA a 
MISCELLANEOUS 


— 
‘ene —E—E————eE—————EE———E———E—e———————————— 
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STREAM Spring River STATION S-/7 DATE_9-15-64 
NUMBER OF ORGANISMS 1070 TAXA 25 DIVERS ITY 
PLATYHELMINTHES E PHEMEROPTERA TRICOPTERA 

Potomanthus sp 1 ae ae eee 
ANNELIDA 4 Choroterpes sp GE a oe. eae 
Oligochaeta : 2] 
Hirudinea ™~ “Ta So 
Sienna ne ares 1 i ae eee 
MOLLUSCA S_interpunctatum V3 
Gastropoda S._hipunctatum a 
Goniobasis sp. 350 S.nepote lum i ct, alee 
Ferrissia sp. 60 Heptagenia sp oe pee 
Amnicola sp. 15 | ee Se tee ea 
Helisoma sp. 4 | a ia erase eee att «eS 
ill anienl 
Pelecypoda ee ene ee 
sphaerium sp. 80 
______— LEPIDOPTERA 
Cataclysta sp Pe 
CRUSTACEA 
Phy llopoda COLEOPTERA 
____.  ODONATA _Psephenus.sp (1) 10 
Amphipoda _.- _Stenelmis sp (pj. »- —12- 
eae _ Sa sp. 
Oo atimentniNCD atime iii ileal nen aeeeeeeenemmeemmmmenennal a eso 
Isopoda ee 
Lirceus sp. 1 ee 
a i 
Decapoda HEMI PIERA ntl 
a al nes en hero nn enti seal 
a ____. DIPTERA 
__rendipedidac oe be. Se 
INSECTA NEUROPTERA ee ieee anammnear 
PLECOPTERA | Se feces 
—e—e 
nnn neil —— 
MEGALOPTERA EN, 
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BENTHOS ANALYSIS 


STREAM Spring River STATION S-/ 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 


Oligochaeta 


Hirudinea 
MOLLUSCA 
Gastropoda 


Goniobasis sp. 
Ferrissia sp. 
Amnicola Sp. 


Pe lecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy llopoda 


Amphipoda 
Hyalella azteca 


Isopoda 


Decapoda 
Qreonectes sp. 


INSECTA 
PLECOPTERA 


Hydroperla harti 








REMARKS: 


1 


his 


DATE 12-17-64 


DIVERSITY 


TRICOPTERA 
Cheumatopsyche sp. 
Heliopsyche sp. 
Chimarra obscura 
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Empty cases 


LEPIDOPTERA 


COLEOPTERA 
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1,923 TAXA 29 
EPHEMEROPTERA 
seamen ian ememmeemen eal —Lsonychia_sp Pere ker 
-nasentEneeecetmmmemimmeD —lricoryrbodes sp fren 4s on 
& rt 150 
200 j 
—S.-bipunctatum ._-»-» _ 150. 
21 Stes we 100 
—o——Lnterpunctatum, 2450. 
—Heptagenia._-sp._£_££§ .. 20 
300 
60 
2 
200 
ODONATA 
; ontania ; 
—Gomphidae (im) o_o 
HEMI PTERA 
a = 
NEUROPTERA 
I «as, ee 
MEGALOPTERA 


Corydalus cornutus 











DIPTERA 
Simulium sp. 
Anthomyiidae 
Tendipedidae 
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BENTHOS ANALYSIS 


STREAM Spring R. —S—CSSTATTION_SS-7 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 








ANNELIDA 


Hirudinea 
MOLLUSCA 
Gastropoda 
obasis sp. 
cola s 
issia $s 








Pelecypoda 
haerium s 





CRUSTACEA 
Phy 1 lopoda 


Amphipoda 








Isopoda 








Decapoda 
onectes $s 


|| 











INSECTA 
PLECOPTERA 
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516 




















a 





DATE 3-15-65 



























































TAXA 
E PHEMEROPTERA 
ee let wae 
Stenonema ee ee 19 
S. pulechellum ss 14 
oS. bipunctatum ae 
S$. ares 4 
ODONATA 
Argia sp. 2 
HEMI PLERA 
NEUROPTERA 
MEGALOPTERA 
Corydalus cornutus l 














TTT 


DIVERS ITY. 


a ETT LT 


TRICOPTERA 


LEPIDOPTERA 


eT enna 


COLEOPTERA 
Psephenus sp.(L 
Dubiraphia sp. (L) 
Stenelmis sp. (A 


Stenelmis Sp. CL) 


DIPTERA 


Tendipedidae 
Simulium_sp. 


MISCELLANEOUS 


aT 
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ae nathaennae ma meetin aaa 


senemmeepemmmmreeeeneennnseccaessairbieeetit AERA ARATE 


Hee LL VETTE 








HLL VITETHE TTA 


STREAM Spring R. 


NUMBER OF ORCANTSMS = 821 


PLATYHELMINTHES 


ANNELIDA 
Hirudinea 





MOLLUSCA 
Gastropoda 
Goniobasis sp. 


BENTHOS ANALYSIS 


STATION S-7 


TAXA 


E PHEMEROPTERA 
Ephoron album 
Tricorythodes sp. 
Baetis sp. 
Stenonema ares 

So. interpunctatum 
So. bipunctatum 

©. nepotellum 
Heptagenia sp. 


























DATE 6-1-65 
DIVERSITY 


TRICOPTERA 
Cheumatopsyche sp. 


1 


ms 
Oo 


ELIT 


Ferrissia sp. 12 
Amnicola sp. 


a a ah el 


UPS 
wn ca SS ee 


Lymnaea sp. 1 


EE 
Pa 2 r TSE NNN appp pp  S 


Pelecypoda 
Sphaerium sp. 19 








CRUSTACEA 
Phyllopoda 


Amphipoda 


Isopoda 


ODONATA 
Argia sp. 








LEPIDOPTERA 


COLEOPTERA 


Psephenus sp. (L) 
Stenelmis sp. (L) 
stenelmis sp. (A) 
Optioservus sp. (L) 
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Decapoda 
Orconectes sp. 6 


immature 


| ne nite 
a 
dma enen etna ce EE 





INSECTA 
PLECOPTERA 


Neoperla clymene 2 


DIPTERA 
Atherix sp. 


Tendipedidae 
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BENTHOS ANALYSIS 


STREAM Spring River STATION _S-8 


vv RREEONANO LNG NOTIN 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


MOLLUSCA 
Gastropoda 
sis Sp. 
SSia Sp. 

Ss 


+ 


| 


nee 








Pelecypoda 
haerium sp. 





CRUSTACEA 
Phy Lllopoda 





Amphipoda 





Isopoda 








Decapoda 
Orconectes SP. 











INSECTA 
PLECOPTERA 
Neoperla clymene 


2 AL UT 











MTT 











514 




















wd 
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 ammeiitililaeten a eaaneeil ane 
S. interpunctatum 
S. nepotellum 


S. bipunctatum 
Heptagenia sp. 




















ODONATA 

















HEMI PTERA 














NEUROPTERA 





MEGALOPTERA 
Cordalus cornutus 








TAXA 94 DIVERS ITY 


TNT ETN 
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DATE 9-15-64 
TRICOPTERA 
WCREUMA LO DSCC Sie 
-Hydropsyche orris——_— 
eee ee ee 
ee ee eer 
eee renee ene one ncee eere 
eae eon er 
i eee 
6 a che 
ne ee nae ane ener 
ee rate eee en 
ee a aL Bees nen 
ene ee ee ee 
ee ee eee ee 
i ag tae 
LEPIDOPTERA 
ee en ne 
COLEOPTERA 


Stenelmis sp. (A) 
S. sp. CL 


MISCELLANEOUS 


enna 
eae 
TT naam eeaeammmennsanmmmmmenummuncmmnd 


a nnn email 
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BENTHOS ANALYSIS 


STREAM Spring River STATION S-8 
NUMBER OF ORGANISMS 3.137 


PLAT YHELMINTHES 
Planaria 


ANNELIDA 
Oligochaeta 
Hirudinea 
MOLLUSCA 

Gastropoda 
Goniobasis sp. 
Physa sp. | 
Helisoma sp. 


Somatogyrus Sp. 
Ferrissia sp. 


Pelecypoda 


CRUSTACEA 
Phyllopoda 


Amphipoda 





lsopoda 


Decapoda 





INSECTA 
PLECOPTERA 


Allocapnia sp. 


15 
































DATE 12-17-64 
DIVERSITY 


TRICOPTERA 


—Chimarra obscura 
_Cheumatopsyche sp, 


151 


TTT TTT Be 
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LEPIDOPTERA 
iatacivsta sp. 


COLEOPTERA 


_Psephenus sp. (i) 
Stenelmis sp. (CL) 
5: sp. (A) : 
_Berosus sp. (L) 


erosus Sp. 
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DIPTERA 


_Simulium sp. 
Tendipedidae 
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‘ TAXA 28 
EF PHEMEROPTERA 
Tricorythades sp 2000 
Baetis sn 25 
Lsonychia sp 40 
Be Ov: F 5 2 te E: el—6 5 ee ___12 
~Stenenema ares. ___50 
S._interpunctatum 16 
_s -pulchellum 170 
_o. bipunctatum 90 
_Potomanthus sp. 16 
ODONATA 
ia sp. 50 
HEMIPTERA 
NEUROPTERA 
MEGALOPTERA 
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BENTHOS ANALYSIS 


STREAM Spring R.  STATION___ 5-8 


NUMBER OF ORGANISMS 





Goniobasis sp. 








Ferrissia sp. 
Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 
Orconectes meeki 











Hydroperla crosbyl 
—Neoper’a one 
Perlesta placida 


leuctra claasseni 






































DATE 3-9-65 




































































1807 TAXA 32 
EPHEMEROPTERA 
37_ Tricorythodes sp. 200 
Caenis sp. 90 
Baetis sp. 400 
oa chia sp. 30 
Stenonema tripunctatum 100 
40 5. interpunctatum 90 
S. bipunctatum 25 
S. pulchellum 30 
65 
a 
———————————— rn 
—-- esate 
Se a ee ore ee 
00. SSS 
ODONATA 
a a ee 
_..... Gomphidae 
HEMI PTERA 
3 
NEUROPTERA 
1 ed 
= ates 
a MEGALOPTERA 
I Corydalus cornutus 5 


DIVERS ITY 





TRICOPTERA 
Cheumatopsyche sp. 


LEPIDOPTERA 
Cataclysta sp. 


COLEOPTERA 


DIPTERA 
Simulium sp. 


Tendipedidae 


MISCELLANEOUS 


nna ene 
ae el 
_qemeeeovtteyi ened SASS Hn TTETTE AS 


ccc TO emumeneeeamemmmmanid 


ULI BE UII VRRBE TE TETTTTTTTITTTE 


STREAM 
NUMBER OF ORGANISMS 
PLAT YHELMINTHES 
Planaria 


ANNELIDA 


MOLLUSCA 
Gastropoda 


Goniobasis sp. 





Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy llopoda 


Amphipoda 


Isopoda 


Decapoda 
Orconectes nana 


Neoperla clymene 
Perlesta placida 














Spring River 


651 








BENTHOS ANALYSIS 


STATION S-8 
TAXA 
E PHEMEROPTERA 
Baetis sp. 


‘Tricorythodes sp. _ ythodes sp. 
Isonychia sp. 

‘Stenonema ares __ 
. hepote 





DATE 6-1-65 


DIVERS ITY 


153 
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9. tripunctatum 
Stenonema sp. _ 
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ODONATA 
Argia Sp. 








COLEOPTERA 
Psephenus sp. (L) 


Steneimis sp. (LL) 
Stenelmis sp. (A) 


Optioservus sp. (L 
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NEUROPTERA 


MEGALOPTERA 


Corydalus cornutus 











DIPTERA 
Simulium sp. 


Tendipedidae 




















MISCELLANEOUS 
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STREAM___Worth Fork Creek STATION. 


BENTHOS ANALYSIS 


Snf-2 


NUMBER OF ORGANISMS jg TAXA 15 __ 


PLAT YHELMINTHES 


- | 


ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 


IIb 








Pelecypoda 








CRUSTACEA 
Phyllopoda 


Amphipoda 
elia azteca 


TT TP The 





Isopoda 








Decapoda 
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EPHEMEROPTERA 
aetisS sp. 


Stenonema interpunce 


tatum 

















ODONATA 
_Argia sp. 
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TTT TET 


DATES - 16-64 


emer eancantati tn LAA TEAC CTE AN 


DIVERSITY. 


TRICOPTERA 


Cheumatopsyche sp. 
Chimarra obscura 
Psychomyiid Genus A 


LEPIDOPTERA 


LLANE TONAL 


COLEOPTERA 


Stenelmis sp. (hh) 
S. sp. {A 


DIPTERA 


Silulium sp. 
Tendipedidae 


MISCELLANEOUS 


Acari 
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BENTHOS ANALYSIS 


STREAM North Fork Creek STATION Snf-2 





NUMBER OF ORGANISMS 267 


fmt 


TAXA 1 





PLATYHELMINTHES E PHEMEROPT ERA 


Caenis sp. Ll 





ANNELIDA 





DATE 12-17-64 


DIVERS ITY 


TRICOPTERA 


Cheumatopsyche sp. 
Arthripsodes species A 


1 Ba, 
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MOLLUSCA 
Gastropoda 
Helisoma sp. iL 
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Goniobasis sp. 1 
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Pelecypoda 
—ophaerium Sp. 








CRUSTACEA 
Phyllopoda 


ODONATA 
Amphipoda 


Tsopoda 


LEPIDOPTERA 


COLEOPTERA 


_Dubiraphia sp. (L) 
_Stenelmis sp. (lL) 
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Decapoda 
Orconectes sp. 4 





INSECTA 
PLECOPTERA 
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MISCELLANEOUS 











STREAM North Fork Ss ———S—SCSSTTAT'ON 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 








ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 
S 


Cc 
Uy be 








Pelecypoda 
m 
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CRUSTACEA 
Phyl lopoda 


Amphipoda 
Gammarus Sp. 





Isopoda 
Lirceus Sp. 








Decapoda 
































Orconectes punctimanus l 
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BENTHOS ANALYSIS 
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DATE 


329-0) 





DIVERSITY 





TRICOPTERA 


Cheumatopsyche sp, 
Limnephilidae 


Stenonema interpuncta tum 90 nnn 
































Sn £-2 
549 TAXA 
EPHEMEROPTERA 
apie “Mp 8 ya 
maw ricorythodes sp. 
S..tripunctatum 
172 
Fi ge 
7 eae et 
3 ae 
101 
ODONATA 
P8526 0: eS) 
2 
1 
HEMI PTERA 
NEUROPTERA 
MEGALOPTERA 


TTT 


Mt 
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TTLLALE TE TEER TTR TET 


LEPIDOPTERA 


Sn emmanatll 


COLEOPTERA 
Stenelmis sp. (L 


Dubiraphia sp. (L) 


DIPTERA 
Simulium sp. 
Tendipedidae 
Ceratopogonidae 
Culicidae 
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MISCELLANEOUS 
Cladacera 


Paras initintarinniinsanaiiei vy mead Ten OT Taman 
eT amma” 
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TLE TILT HeBE TTT 


156 


STREAM 


North Fork Cr. 


BENTHOS ANALYSIS 


STATION snf-2 


NUMBER OF ORGANISMS 1826 TAXA _34 


PLAT YHELMINTHES 
Planariidae 


ANNELIDA 


Oligochaeta 
Hirudinea 


MOLLUSCA 
Gastropoda 
Physa sp. 
Goniobasis sp. 
Planorbula sp. 
Helisoma sp. 


Pelecypoda 
sphaerium sp. 


CRUSTACEA 
Phy llopoda 


Amphipoda 
Gammarus sp. 


Isopoda 
Lirceus sp. 


Decapoda 


INSECTA 
PLECOPTERA 


REMARKS « 








EK PHEMEROPTERA 
TIricorythodes Sp. 


Hexagenia limbata 
Stenonema femoratum 


S. interpunctatum 
a tripunctatum 








DATE 8-9-65 
DIVERSITY 


TRICOPTERA 
Cheumatopsyche sp. 


Psychomyiid genus A 
Psychomyiidae | 


157 
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ODONATA 

Argia sp. 
Nasiaeshna sp. 
Dromogemphus sp. 
Sympetrum sp. 








LEPIDOPTERA 


COLEOPTERA 
Stenelmis sp. (1) 


Stenelmis sp. (A) 
Dubiraphia sp. (1) 
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HEMI PTERA 
Corixidae 
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Rhagovelia sp. 
Microve lia Sp. 


NEURO PTERA 








DIPTERA 
Tendipedidae 


Simulidae 
Chrysops sp. 














MEGALOPTERA 











MISCELLANEOUS 











BENTHOS ANALYSIS 


STREAM North Fork Creek STATION. Snf-3 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 








ANNELIDA 


MOLLUSCA 
Gastropoda 
icola sp. 

Helisoma sp. 


| 











Pelecypoda 








CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 
reonectes sp. 











INSECTA 
PLECOPTERA 











NTT 


i 











REMARKS: 


186 
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TAXA 2] DIVERS ITY 


asian 


EPHEMEROPTERA 
Stenonema sp. 
S. tripunctatum 
S. interpunctatum 
S. nepotellum 
Heptagenia sp. 
Baetis sp. 
Choroterpes sp. 
Potomanthus sp. 
Caenis sp. 
Tricorythodes sp. 


| 
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ODONATA 

















HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 


alus cornutu 


3) 






































TRICOPTERA 
__Cheumatopsyche sp. 


LEPIDOPTERA 


COLEOPTERA 


Tropisternus sp. (A) 
Stenelmis sp. (1) 
S. sp. (A 


Elsianus Sp. (L) 


DIPTERA 
Culijicidac 
Tendipedid 
—Unidentified 


MISCELLANEOUS 


a tl 
TESTS rr naman ml 
nn nel 


mana 


DATE 9.16264 
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BENTHOS ANALYSIS 


STREAM North Fork Creek STATION Snf-3 


NUMBER OF ORGANISMS 437 TAXA 14 


PLAT YHELMINTHES 


ANNELIDA 


Qligochaeta 


Hirudinea 
MOLLUSCA 


Gastropoda 


Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phyllopoda 


Amphipoda 
Gammarus sp. 


Tsopoda 
Decapoda 


Orconectes sp. 


INSECTA 
PLECOPTERA 





REMARKS: 


4 


EPHEMEROPTERA 
—Gaenis sp. 


130 





Stenonema nepotellum_ 1 


—s:_tripunctatum 
S. interpunctatum 














DATE 12-17-64 


DIVERS ITY 


TRICOPTERA 


1 
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ODONATA 
Gomphidae (im.) 





LEPIDOPTERA 


COLEOPTERA 
Stenelmis sp. (L) 
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MEGALOPTERA 
Siali 
__Corydalus cornutus 
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MISCELLANEOUS 
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BENTHOS ANALYSIS 


STREAM North Fork Gr. STATION _Snf-3_ 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 


Hirudinea 
MOLLUSCA 


Gastropoda 


Lymnaea sp. 


Pe lecypoda 
Sphaerium §po 





CRUSTACEA 
Phy 1 lopoda 


Amphipoda 
Hyalella azteca 





Isopoda 








Decapoda 
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EPHEMEROPTERA 
Totomeneons 2p. 


Caenis sp, ____ 














ODONATA 

















HEMI PTERA 











NEUROPTERA 








MEGALOPTERA 











wet U TAXA __22 DIVERS ITY 


se 


120 
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ATTLETT 


DATE _3-9-65 
TRICOPTERA 
Leptocella sp. 


LEPIDOPTERA 


COLEOPTERA 
Stenelmis sy. (L 
Stenelmis sp. (A 
Optioservus 3p. (L 





MISCELLANEOUS 


nv SDS Trae ne 
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BENTHOS ANALYSIS 

































































STREAM North Fork Cr. STATION Snf£-3 DATE 8-9-65 
NUMBER OF ORGANISMS 128 TAXA 15 DIVERS ITY 
PLAT YHELMINTHES EPHEMEROPTERA TRICOPT ERA 
Hexagenia limbata 14 Cheumatopsyche sp. 3 
Caenis sp. 1 
Stenonema interpunctatum 25 
ANNELIDA S. tripunctatum 29 
Oligochaeta 3 
MOLLUSCA 
Gastropoda 
Pelecypoda fae 
Sphaerium sp. Ef sania 
___... LEPIDOPTERA 
CRUSTACEA ees 
Phy llopoda COLEOPTERA 
ODONATA Stenelmis sp. (L) ee 
Amphipoda Argia sp. 4 Stenelmis sp. (A) 6: 
Somatochlora sp. L 
Gomphidae 1 
Isopoda = 
Decapoda HEMI PIERA eee 
Orconectes sp. 6 Se ee 
DIPTERA 
Tendipedidae 9 
INSECTA NEUROPTERA 
PLECOPTERA | Se 
Acroneuria arida 1 et 
MEGALOPTERA Se 
MISCELLANEOUS 
REMARKS: 


wont tee eee nse aiaipaaaamasnamsala dmaamammaaiatiaa aaa heettetete ee — NA ENT 


STREAM 
NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 
Oligochaeta 
Hirudinea 

MOLLUSCA 

Gas tropoda 
Goniobasis sp. 
Helisoma sp. 


4 














Pelecypoda 


IEE TTT 





CRUSTACEA 
Phy Llopoda 





Amphipoda 








Isopoda 








Decapoda 
tes sp. 











INSECTA 
PLECOPTERA 











STEEL 











REMARKS: 


Center Creek 


336 
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BENTHOS ANALYSIS 


STATION ‘Sc-l 


TAXA 24 DIVERSITY 


EPHEMEROPT ERA 
Caenis sp. 


Tricorythodes Sp; 
Ephemera guttulata 
Isonychia sp. 
Baetis sp. 


Choroterpes_ Sp. 


Stenonema interpunc-— 


tatum 


S. pulchellum 
Ss. nepotellum 




















HEMI PTERA 














NEUROPTERA 
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DATES - 1-64 





TRICOPTERA 


Neophylax sp. 
__Cheumatopsyche $p. 
Helicopsy che SP. 


LEPIDOPTERA 
Cataclysta Sp. 


COLEOPTERA 


MISCELLANEOUS 


nl 
nna 
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BENTHOS ANALYSIS 


STREAM Center Creek STATION Sc-1 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria 





ANNELIDA 


Oligochaeta 
Hirudinea 


MOLLUSCA 
Gastropoda 

Amnicola sp. 

Goniobasis sp. 

' Somatogyrus sp. 

Ferrissia sp. 


Pelecypoda 


Sphaerium sp. 
Psidium sp. 


CRUSTACEA 
Phy Llopoda 


Amphipoda 
Gammarus 


Isopoda 





Decapoda 


Orconectes Sp. 





INSECTA 

PLECOPTERA 

isOperla duplicata . 
Allocapnia sp. 
Brachyptera fasciata 


| 


TTTTTT | 





REMARKS : 


1,767 


10 

















E PHEMEROPTERA 
Caenis sp. 
Leptophlebia sp. 
atenonema ares 
5. nepotellum 


Ameletus ludens 
Neocloeon sp. 


: TAXA 46 





























Stenonema tripunctatum_ 1 


Baetis sp. 





1 


oN 


DATE 11-30-64 


DIVERSITY 


TRICOPTERA 


Hydropsyche betteni 
~Glossosoma Sp. 
_Neophylax sp. 

Chimarra atterima 

Cheumatopsyche sp. 
ydropsyche bifida 

Phylocentropus sp. 
Helicopsyche sp. 


NO 
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ODONATA 
Calopteryx Sp. 


HEMIPTERA 








Empty cases 


LEPIDOPTERA 


COLEOPTERA 
Psephenus sp. (1L) 
Dubiraphia sp. (L) 
_Optioservus sp. (1) 
Optioservus sp. (A) 
_Stenelmis sp. (i) 
Stenelmis sp. (A) 
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NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 








DIPTERA 


Simulium sp. 


Tendipedidae 
Psychodidae 


Anthomyiidae | 

















MISCELLANEOUS 
_Isotomurus sp. 































































































BENTHOS ANALYSIS 















































a ea aeeminies nian 


TIT 


STREAM Center Cr. STATION Sc-l DATE 2-16-65 
NUMBER OF ORGANISMS _273 TAXA 33 DIVERS ITY 
PLATYHELMINTHES E PHEMEROPT ERA TRICOPTERA 
__.  Stenonema nepotellum.#5. Hydropsyche orris __ —___l- 
S. tripunctatum WH 2. Neophylax sp. 
ANNELIDA S. interpunctatum 38 Helicopsyche sp. 20. 
Dis eochpet 22 Tsomych i Si cer 
Ameletus lJudens oo dL 
MOLLUSCA Ephemera guttulata 12. 
Gastropoda Caenis sp. 2 ————_ cn — 
Goniohasis sp. 20. Leptophlebia sp. 4! 
Physa_ sp. 16 ee ea 
Ferrissia sp. Zz ee 
ae ee eee eee 
Pelecypoda ee ee ee a Sess 
Psidium sp. CO 
Sphaerium sp. 9 LEPIDOPTERA 
_.- Cataclysta sp. 
CRUSTACEA saiieciacat 
Phy llopoda COLEOPTERA 
ODONATA Psephenus sp. (i) dD 
Amphipoda Hetaerina sp 1 Stenelmis sp. (A ee bee 
Gammarus Sp. 2 Argia sp ] Dubiruphia sp. (L — 226 
Octogomphus Sp. pi Optioservus SP. (L) __ 24 
Isopoda en ee 
| sa. priate 
Decapoda HEMILPTERA CS _—E—e— 
Orconectes sp. 1 a nn 
ila paca cement, CONNECT SSS 
Sees "_____ DIPTERA 
Tendipedidae 
INSECTA NEUROPTERA Tabanus sp. __ jl 
PLECOPTERA sea ggg! 
-Hydroperla sp, 2 —_—_—— 
a ee ee ee 
____._ MEGALOPTERA Se a . 
eC CCorydalus commute ne 
ne oe a he ny ea ee 
ee Fa es cee ne en eect re meee 
——— MISCELLANEOUS 
ere ee eee ree ee 


nl 


STREAM Center Cr. 


NUMBER OF ORGANISMS 


PLAT YHELMINTIHES 
Planariidae 


ANNELIDA 
Oligochaeta 


irudinea 
MOLLUS CA 


Gastropoda 
Goniobasis sp. 

















Pelecypoda 
Sphaerium sp. 





CRUSTACEA 
Phy Llopoda 


Amphipoda 





Isopoda 
Decapoda 


Orconectes sp. 


INSECTA 
PLECOPTERA 


Neoperla clymene 


REMARKS: 


398 








BENTHOS ANALYSIS 
STATION 
TAXA 


E PHEMEROPT ERA 
Neocloeon sp. 
stenonema ares 

S$. interpunctatum 
S. nepotellum 
Isonychia sp. 
Caenis sp. 
Ephemeridae 














2 


Sc-l 























DATE 5~12-65 


DIVERSITY 


TRICOPTERA 


Cheumatopsyche Sp. 
He licopsyche Sp. 


1 


ot 
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LEPIDOPTERA 





COLEOPTERA 
Psephenus sp. (L) 
Stenelmis sp. (L) 

~ Stenelmis sp. (A) 
Optioservus sp. (L) 
Hydrochus sp. (A) 




















PO REELS REREAD 
I eeneaananesenpenemeteten siz ancl cence mmm aac nen ae cee ate a nm 


bh 
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HEMI PTERA 


NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 

















DIPTERA 
Tendipedidae 











Ce rn at reniaeeanenmnnmmmneteil 
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MISCELLANEOUS 




















s) 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 





Gastropoda 


Ld 


—Amnicola sp. 


=» 


sis sp. 


ssia sp. 








Pelecypoda 
Sphaerium sp. 





CRUSTACEA 
Phyllopoda 


Amphipoda 





Isopoda 


Decapoda 























STREAM conter Creek STATION Sc -2 DATE _9-]-64 
288 TAXA__*° DIVERS ITY 4.06 
EPHEMEROPTERA TRICOPTERA : 
eee Isonychia sp. ___ 8 72: Cheumatopsyche_sp. 3 
__—s-—~—__Tricorythodes sp. 92, Heliopsyche sp. 2.06 
_Caenis sp. 25. Hydropsyche bifida Q-° 
Centroptilum sp. ee 
__ 87 __Baetis sp. Le? 
Stenonema sp. __ 10. 
S. ares _ 3 i 
S. nepotellum —s 
i Ephemera sp. 12 4° 
39 :* 

7 5s — P =< 
cnn 
ee 

50 =" 
LEPIDOPTERA 
TERRELL NNR TEE Te Le eareennntananeaannan inant 
COLEOPTERA 
ODONATA Stenelmis sp. (L) 52 
SSP (A) | 1” 
Opti 1) ras 
a eee sitemaps EO seen 
CN IN 
eee enema — naman 
HEMI PTERA ee ee 
L | ad mae ice READ 
nce ate ete. eee 
= DIPTERA 
ER —ND 
NEUROPTERA 
ad TTT TT eee el eepamprrymntysconeermmaintes 
22 
TT TT ttt nema saiiionmncedtadtél ete RARE LOIS 
MEGALOPTERA 
13 | 
——i- 
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BENTHOS ANALYSIS 
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MISCELLANEOUS 
Oe 0k; h aks 


<:naassnceeeeneeneeet bunny NA LLAAEETTE EALERTS 
Tn el 


Pe cman amu ssn saaaeenanmunnuie” 








a. 
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BENTHOS ANALYSIS 



































































































































STREAM Center Creek STATION Sc-2 DATE 11-30-64 
NUMBER OF ORGANISMS 1,291 TAXA 47 DIVERSITY SAP 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
Planaria 1“ Ephemera simulans. __5423:_Chi Lo 
me Ste Lsonychia Sp BQ 152-4 Helicopsyche SD 55 un 
Patomanthus sn 74.9 Glossosoma sp 17 yaad 
ANNELIDA Caenis sp 5_* _Hydropsyche bifida AZ tian 
Qligochaeta 32. Tricorythodes sp 1. _Cheumatopsyche 1752 
Hirudinea 4 ..’_Raetis sp 3.7: aan - ae 
MOLLUSCA —Stenonema interpune- eee 
Gastropoda tatum 40 4) a 7294 
Pyrgulopsis sp. 301 S$. nepotellum 100 26° 7 ' 
Amnicola sp. 1 _S. bipunctatum A222 
Goniobasis sp. 120 #25 9 pulche 1lum oe 
Ferrissia sp. 90-75" § ares LQ: 
Pe lecypoda 
P . j . 50 ye 2 
Sphaerium sp. 2 LEPIDOPTERA 
——  ~vataclysta sp. 
CRUSTACEA ar eee = 
Phy llopoda COLEOPTERA 
: ODONATA Psephenus sp. (J) 35 
Amphipoda _Lanthus sp. ss 2° _Stenelmis sp. (LL) 4Q64./ 
Gomphidae (im.) 1 §. sp. (A GQ 2.4 
Optioservus sp. (1) BQ #52.; 
Isopoda QO. sp. (A) 2 ,& 
Narpus Sp. (L) | 2 t 
Decapoda HEMIPTERA 
Orconectes neglectus 4 Su: 
DIPTERA 
Simulium sp. 2 .& 
INSECTA NEUROPTERA Tendipedidae 50 34.9 
PLECOPTERA | Chrysops sp. L. # 
Isoperla duplicata a 
L. confusa 1 —— 
Hydroperla crosbyi 2 .° MEGALOPTERA 
Neoperla clymene 4° Chauliodes sp Da 
Allocapnia sp. 1400. Corydalus cornutus 14 -. 
Hydroperla nalata 31 _Sialis sp ] 
MISCELLANEOUS 
Arachnida (Acari) 1s 
REMARKS: 


BENTHOS ANALYSIS 


STREAM Center Cr. STATION. Sc-2 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 


Oligochae ta 
Hirudinea 
MOLLUSCA 


Gastropoda 
Ferrissia sp. 


2 


Goniobasis sp. 


¢ 


Amnicola sp. 








Pelecypoda 


CRUSTACEA 
Phy llopoda 





Amphipoda 








Isopoda 








Decapoda 


Orconectes punctimanus 























REMARKS : 
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DATE 2-15-65 
a y? 
} 
377 TAXA 32 6 DIVERSITY 4.22. 
EPHEMEROPTERA TRICOPTERA 
Ephemera guttulata 24 33: Helicopsyche sp. es 
Potomanthus sp. 42% Glossosoma sp. eee ae 
Caenis sp. 7 5.9 Hydropsyche bifida A 
Isonychia sp. 9 ¢. Cheumatopsyche sp. 43. 
17 2.3Heptagenia sp. D 34 spl iene 
3 '¥ Stenonema ares 12 i335 eae 
Ss. tripunctatum 2.25 | ee 
S. interpunctatum 10 j> 
28 4,5. nepotellum 7549 
19 a2 
2 .t en aa 
ey ‘eeeemmarerrenennnnananm mms , eaanammmmaniiill 
senza eaaemmmmmmsesnammmermteiesnaacacaaitAnAA EAA ‘siieicmatiiani a em ine 
AC 
is 2 es LEPIDOPTERA 
Cataclysta Ll oy 
COLEOPTERA 
ODONATA Optioservus sp. (L) ee A a 
Psephenus sp. (1) __ 19? 
Stenelmis sp. (L seule! 
secenseemrbetiennseeaniemm alae a mimmeed mel 
iiinstieecaeaniatiaal rl or 
emesis scammed TTC neal  emmaamaitill 
nn mnt en seen 
HEMI PTERA i 
3 oy 
Oa ene nn nel AY 
‘Seapets Ra ———— mene ammmemmnndiitl ree 
yaa Paes DIPTERA 
NEUROPTERA ee 
susseaanncmiacaseygnapignnnen samme ea ANTEC EECTECO ELE A NTS eS 
| ence eS aaa 
1. MEGALOPTERA Sl  saabimeee 
i. 3. 4Gorydalus cornutus Ls. eee 
i + ae cli 
ey eapguemmepamaneeents ceceeceeerteng ttre eae NN TENT CETTE LN el 
MISCELLANEOUS 
Acari eA 
. ——_ semen Pome ne reenener | nae] 
seaevonmnevesammmsnn sarees ERECTA _mseeneemnceemvmnseaiins nn een oem ee 
a: 



































H.09 Avg 6? 169 
BENTHOS ANALYSIS 
STREAM Center Cr. STATION Sc-2 DATE 5-13-65 
56 ALO 
NUMBER OF ORGANISMS 209 TAXA 36 © DIVERSITY 
PLATYHELMINTHES E PHEMEROPTERA TRICOPTERA 
Stenonema ares 11 7.4 Limnephilidae 1 io 
S. interpunctatum 12. Neophylax sp. 4 4.4 
S. tripunctatum /__:* Helicopsyche sp. a 
ANNELIDA S. nepotellum /_ + Cheumatopsyche sp. 12. 
Oligochaeta 24 33° Hexagenia limbata 3 +4 Athriposides species A 1 
Hirudinea 13 4.5 Ephemera guttulata 2 7 
MOLLUSCA Neocloeon sp. 21 238 
Gastropoda Caenis sp. < ae 
Somatogyrus sp. 2 ie 
Goniobasis sp. 10 4¢ 
Planorbula sp. 1 P 
Pe lecypoda iiss 
Sphaerium sp. 1 
______—sCLEPIDOPTERA 
CRUSTACEA 
Phy llopoda COLEOPTERA 
ODONATA Psephenus sp. (L) 7 5.9 
Amphipoda Stenelmis sp. (L) 8 7.2 
Gammarus sp. 4 34 S. sp. (A) 5 k 
Optioservus sp. (L) 82.2 
Lsopoda ~  Berosus sp. (L lo 
Decapoda HEMI PTERA ioiapoeers 
Orconectes neglectus 2 <¢ coed 
O. sp. 2. _ 
_____._ DIPTERA 
Tabanus sp. 2 
INSECTA NEUROPTERA Chrysops sp. ’ a. 
PLECOPTERA Tendipedidae Z 5.7 
Neoperla clymene 6 a7 Simulidae 13. 
Acroneuria arida 1 P 
Perlesta placida 1 ~« MEGALOPTERA Beli 
Corydalus cornutus 2 ee 
MISCELLANEOUS 


REMARKS: 
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BENTHOS ANALYSIS 


STREAM__ Center Creek STATION  Sc-3 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 


MOLLUSCA 
Gastropoda 














Pelecypoda 





CRUSTACEA 
PhyLlopoda 





Amphipoda 








Isopoda 








Decapoda 











INSECTA 
PLECOPTERA 
—_Neoperta clymene _ 
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DATE 9-1" 64 
203 TAXA 27 DIVERS ITY 
EPHEMEROPTERA TRICOPTERA 
———— -Lesonychia sp. 5? Helicopsyche sp 
__.._- Tricorythodes sp. 2 °° Neophylax 
Caenis sp. t—(ié( 4? CC heumatopsyche sp 
wentazgenia sp. 87.2 . 
__1° Heptagenia maculi- 342 
es OG TNT Bie a hcl 
Siphlonurus marshalli oj ° 
Baetis sp. cc 
__ v2’? Stenonema sp. 12 12:7 
_.-- & _ pulche llum B74 
we Se ares ee 
_._—s- S._ nepotellum 13 4.5 
_.s—s«gs es tripunctatuim 2.0 ae 
Baetis vagans 763 
| 8.72 Bs Levitans 4 46 
aoe LEPIDOPTERA 
COLEOPTERA 
ODONATA Stenelmis sp. (A) 
Immature | 2 » S. sp. (L) 
Optioservus Sp. 
ee ND 
pesmmarcananeN antes i ERTS PE al ee 
HEMI PTERA See 
eee ne ered eros anaes 
ere eens sa AT 
ve DIPTERA 
Tendipedidae 
NEUROPTERA 
3.4 
ie i 
MEGALOPTERA 
Corydalus cornutus 13 3? 


LL VTE 


ITLL TTT Ee 


LE LTLV TTT ERE 


a eo 
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BENTHOS ANALYSIS 





































































































STREAM Center Creek SS STATION Sc-3 DATE Ll 30-64 
NUMBER OF ORGANISMS 1,298 TAXA 47 DIVERSITY - 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
Planaria 344 hemera guttylata | 19033 Cheumatopsyche sp. 70 129.2 
= — [sonychia sp. __80 527 Chimarra obscura 4 2d 
Caenis sp. KE on 1 
ANNELIDA Tricorythodes sp. elicopsyche Sp. 30 49 
Qligochaeta 50 Ww Lhsetis SD. 14. Leptocella sp. | 1 ec 
Hirudinea 2 .6 tophelbia_ sp. ll “Neophylax sp. Sp. 3 44 
MOLLUSCA ee nepotellum 80° 80 Soe ee 
Gastropoda S. interpunctatum. _ 170 372 
Goniobasis sp. 160 252.7 
Ferrissia sp. 80 j 53.2 
Planorbi la sp. 3 oy 
Pelecypoda 
Sphaerium sp, 60 fon.7 
___..._ LEPIDOPTERA 
Cataclysta sp. ae ee 
CRUSTACEA 
Phyllopoda COLEOPTERA 
ODONATA Psephenus sp. 60 /%6.7 
Amphipoda Argia sp. 4 24 Stenelmis sp. (L) 60 76.7 
Allocrangonyx Comphidae (im. ) 2 2 S< Sp. tA 16 9.3 
‘des D6 Optioservus sp. (L) a 
Isopoda Helichus sp. (A) le 
Decapoda HEMI PIERA 
Immature : ee, 
DIPTERA 
Se on sp. a Be 
INSECTA NEUROPTERA Briocera Sp, eat 
PLECOPTERA Simulium sp. ?__-* 
Allocapnia sp. iar T ‘pedi 50 24.9 
Neoperla clymene a4 
Acroneuria arida 9s. MECALOPTERA 
A. internata i Corydalus cornutus 753 
Taeniopteryx maura 6 vt, Sialis sp yee 
Leuctra classeni 30 aye 
a __s ss MSO RVVANEGYS Amphiopoda 
Synurella sp. es 





REMARKS: 
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STREAM Center Creek STATION Sc-3 DATE 2-16-65 
NUMBER OF ORGANISMS1O73 TAXA 42 ce DIVERSITY 497 
PLATYHELMINTHES E PHEMEROPTERA TRICOPTERA 
Isonvchia sp. 180 +" Heliocopsyche sp, is” 
Baetis sp 5 35 Pycnopsyche sp. 2 
Heptagenia 50 0% Chimarra obscura 3 
ANNELIDA 4Qc. Neophylax sp. 4" 
Oligochaeta 23 23 Tr4 orythodes sp 5 3s Leptocerus sp. 1’ 
Caenis sp 2. Cheumatopsyche sp. 200 4° 
MOLLUSCA Leptophoebia SD i $.4 
Gastropoda Stenonema ares 80 1522 
Goniobasis sp. 8 7-* S._interpunctatum 35 540 ene 
Ferrissia sp. 641s. pulchellum T3148 
—Gyraulus Sp. 1+ §. bipunctatum 50 «4.3 soe 
ee i eae ee 
Pelecypoda a ee, 
Sphaerium sp. Coa ee 
LEPIDOPTERA 
Cataclysta sp, pee 
CRUSTACEA ML 
Phyl lopoda COLEOPTERA 
eRe eee eee eT ODONATA Stenelmis sp. (1) ey As taki 
Amphipoda Agrionidae L> S. sp. (A _]Q » 
_Crangonyx sp. 17 2. Optioservus sp. (1) 64? 
Psephenus sp. (CL 50 
Lsopoda —~ =a? 
et ee —E— 
Decapoda — HEMI PTERA ee ee es tees 
—Orconectes hylas 1? cS ———e 
occas ____.._ DIPTERA 
INSECTA NEUROPTERA Hexatoma sp 1c 
PLECOPTERA Tipula sp. ees. meen 
—Neoperla clymene 5 35 ~~ Tendipedidae sp 100.2"° 
~Acroneuria arida 33 Simulium sp. ees 3-0 2 
—A..interpunctatum | 1 « MEGALOPTERA ee 
—Neophasgonophora 10 - Corydalus cornutus ae 
——Ccapitata ares 
—isoperla sp. 2 .% | a 
_Branchyptera fasciata 6 a3 
Allocapnia sp. 17 2 
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BENTHOS ANALYSIS 






















































































STREAM Center Cr. STATION Se-3 DATE 5-12-65 
NUMBER OF ORGANISMS 694 TAXA 38 56° yivERSITy 445 
PLAT YHELMINTHES EPHEMEROPTERA TRICOPTERA 
Rhithrogenia sp. 2. Helicopsyche sp. 2 -6 
Isonychia sp. 50 «9 Cheumatopsyche sp. 22%. 
Baetis Sp. 110 p24; 
ANNELIDA Tricorythodes sp. 30 vee 
Oligochaeta > 35 Heptagenia sp. 25 aes 
Caenis sp. 14 tz.¢ 
MOLLUSCA Ephemera guttulata 7 45.9 
Gastropoda Potamanthus sp. 4A oae. 
Goniobasis sp. 14 joe Stenonema ares 13) owe 
Ferrissia sp. 2 4 §. bipunctatum 50 v6 
Gyraulus sp. 1 eo §. pulchellum 25 ang 
Physa L . §. tripunctatum 40 64) 
Pelecypoda 
Sphaerium Sp. 2 ae 
____._—« LEPIDOPTERA 
CRUSTACEA 
Phy llopoda COLEOPTERA 
ODONATA Psephenus sp. (L 4Q  64.! 
Amphipoda Libelluidae 6 «7 Stenelmis sp. (L 17. > 
S. sp. (A) 20 ze 
Optioservus sp. (A 2 6 
senda ee oe a 
Lirceus sp. 2 ms 
Decapoda HEMI PTERA cee 
Orconectes sp. 9 ¥A —_—— 
DIPTERA 
Tabanus sp. L ° 
INSECTA NEUROPTERA Chrysops sp. p ee 
PLECOPTERA CL séEwlslia sp, CCC Le 
Neoperla clymene 30 «43 Simulium sp. 120 4 
Neophasganophora capitata 17 2. Tendipedidae ZO 429.2 
Perlesta placida 7 ¢¢ MEGALOPTERA 
Acroneuria arida 25 _ 34, Corydalus cornutus DS 3.5 ee 
MISCELLANEOUS 
REMARKS: 
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BENTHOS ANALYSIS 


STREAM Center Creek STATION Sc-4 DATE 9-12.64 
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PLATYHELMINTHES 
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Gastropoda 
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Acroneuria arida 
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BENTHOS ANALYSIS 


STREAM Center Creek STATION Sc-4 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 








ANNELIDA 





MOLZIUSCA 
Gastropoda 
Physa sp. 


20 


TAXA 3 


E PHEMEROPTERA 


DATE 12-1-64 


é b7 J; ad 
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Phy Llopoda 
Amphipoda 


Tsopoda 


Decapoda 
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COLEOPTERA 
_Berosus_ sp. (Lh) 
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NUMBER OF ORGANISMS 
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BENTHOS ANALYSIS 
Sc-4 
TAXA 
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COLEOPTERA 
Berosus sp. (L) 
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STREAM _ Center Cr. STATION Sc-4 DATE 5-12-65 
NUMBER OF ORGANISMS 26] TAXA 16 27° DIVERS TTY 1,52 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 
Heptagenia sp. 2137? Cheumatopsyche sp. 
___... _-Baetis sp. 1 a 
Isonychia sp. 2.6 
ANNELIDA Stenonema tripunctatum 1 < 
Oligochaeta Bee 2 2S, interpunctatum | ee: 
MOLLUSCA 
Gastropoda 
Physa sp. 1 0 
Pelecypoda 
ew LEPIDOPTERA 
CRUSTACEA 
Phyl lopoda COLEOPTERA 
ODONATA Stenelmis sp. (A 
Amphipoda Stenelmis sp. (L) 
Optioservus sp. (A 
Isopoda 
Decapoda HEMI PTERA 
Te _____ DIPTERA 
Tendipedidae 
INSECTA NEUROPTERA Simulidae 
PLECOPTERA Se ae ee a 
Perlesta placida 2 ib 
Neoperla clymene 3 4 
MEGALOPTERA 
Corydalus cornutus 2 6 
MISCELLANEOUS 
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STREAM Center Creek 


NUMBER OF ORGANISMS 10 - TAXA 2 DIVERS ITY 
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STREAM center Creek SC STATION Sc-5  —is—“—*‘“Cs*s—s~s—s—s—s~s—s—S—SCSSSCSCéiACTIE Dies 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 


MOLLUSCA 
Gastropoda 
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Isopoda 


Decapoda 





INSECTA 
PLECOPTERA 
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BENTHOS ANALYSIS 


STREAM Center Creek STATION _SC-> 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 
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MOLLUSCA 
Gastropoda 














Pelecypoda 
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DATE 2-15-65 
ol} __ DIVERSITY » 37 
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Leptoceridae 5 
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COLEOPTERA 
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BENTHOS ANALYSIS 
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DATE 5-12-65 


DIVERSITY L417 
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Cheumatopsyche sp. 
Psychomyiidae 
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REMARKS : 


Corydalus cornutus 


STREAM Center Cr. STATION Se~5 
NUMBER OF ORGANISMS 1078 TAXA 15 
PLAT YHELMINTHES EPHEMEROPTERA 
Heptagenia sp, 
Baetis sp. 
ANNELIDA 
MOLLUSCA 
Gastropoda 
Physa sp. 12 13. 
Gyranulus sp. 1 g 
Pelecypoda 
CRUSTACEA 
Phy llopoda 
ODONATA 
Amphipoda 
Isopoda 
Decapoda HEMI PTERA 
INSECTA NEUROPTERA 
PLECOPTERA 
Isoperla richardsoni 2 b 
MEGALOPTERA 

















DIPTERA 


Tendipedidae 
Simulidae 


Ceratopogonidae 

















MISCELLANEOUS 
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BENTHOS ANALYSIS 


STREAM Center Creek STATION. Sc-6 


NUMBER OF ORGANISMS 56 TAXA? 


PLATYHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 
a sp. 
Goniobasis sp. 
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MEGALOPTERA 


Corydalus cornutus 
Sialis sp. 
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STREAM Center Creek STATION 


DATA LOST 


BENTHOS ANALYSIS 


NUMBER OF ORGANISMS Sample Losi: 


PLAT YHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 


Pelecypoda 


CRUSTACEA 
Phyl lopoda 
Amphipoda 


Isopoda 


Decapoda 


INSECTA 
PLECOPTERA 
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DATE 12-1-64 


DIVERSITY 


TRICOPTERA 
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STREAM Center Creek STATION Sc-6 DATE 2-16-65 
NUMBER OF ORGANISMS _338 TAXA_9 fe DIVERSITY Lo? 
PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA : 
Planaria | 4 24 gs es 
wii i a emesis eeAE ANNES cD 
eee eee 
ANNELIDA _ 
OQligochaeta 7 $.9 eer 
i 
MOLLUSCA AR, 
Gastropoda 
Physa sp. 200 460.2 Sen eee 
Ferrissia sp. 1 A —— LTC 
ee ea ES os! el ie amelie 
aa amncenled mmamammanameaaasaaaesea t euaaasasanuseseazssianemmanmatneaaammmammmmmmeumenmmmmmmanasaenaanaananeas ssessnannenssnssnnnéen mis secceeeeseeeermmmmmmmanstittntisnstssss A=) ES epsiaanevorovoveeeuvunntit 
POA ci ce ie iia ippupmmneyputiiatasantl ev vTve Tr nnn essssscmmemucccccssssssssssaulil —— 
Pe lecypoda ee 
LEPIDOPTERA 
ee eA al ee eeeemeeeeeesssseeeeueesssnnnprovenninsnnnpoooovoonunaessnistseeesedae IASASSaceeeeeaNA ed 
CRUSTACEA — 
Phyl lopoda COLEOPTERA 
epmucg, “OPONATS Berosgus sp. (Ty Gn kegs 
Amph ipoda Argia sp 1 a 
TTT eee al 
nn semen 
Isopoda Rees 
tt ee 
ae a 
Decapoda HEMI PTERA ———— 
Snaeemas ec 
Se ne ts ae 
DIPTERA 
| Tendipedidae DOF 
INSECTA NEUROPT ERA eeereennaniinper—anemcceccmaias an 
PLECOPTERA SY A 
; ee aaa, 
— __—_—— 
MEGALOPTERA iis leans 
Sialis Sp. 3 af ee 
Corydalus cornutus 2 .@ ae: 
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STREAM Center Cr. STATION Sce-6 DATE 5-12-65 
NUMBER OF ORGANISMS 346 TAXA 14 22% niversrry 99 
PLAT YHELMINTHES E PHEMEROPT ERA TRICOPTERA 
Planaria sp. 9 ®6 Stenonema sp. 2 6 
ANNELIDA _ 
Oligochaeta I ee 
Cocoons of Hirudinea 
MOLLUSCA 
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Amphipoda Dinetus sp. (L) 4 24 
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Berosus sp. (L) 1 a 
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PLECOPTERA Sisyra sp. 1 
MEGALOPTERA 
Corydalus cornutus 1 
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STREAM Center Cr. STATION Sce-7 DATE 5-12-65 
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STATION Ss-3 
TAXA 40 

EPHEMEROPTERA 
Ephemera simulans Li 
Caenis sp. 4 
Baetis sp. 70 
Potomanthus sp. 6 
Heptagenia sp. 17 
Isonychia sp. Lee 
Stenonema ares 70 
S. nepotellum 80 
S. tripunctatum 200 
S. bipunctatum 50 
S. interpunctatum 300 
S. pulchellum 55 
ODONATA 
Ophiogomphus sp. ) 
Argia sp. 2 
Gomphidae 2 
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NEUROPTERA 
MEGALOPTERA 
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STREAM Shoal Creek STATION Ss-4 DATE 12-16-64 
NUMBER OF ORGANISMS 735 TAXA 34 DIVERSITY 
PLAT YHELMINTHES E PHEMEROPT ERA TRICOPTERA 
Potomanthus sp. 5 Cheumatopsyche sp. 
Ephemera simulans 50 
Ephemera Sp. 10 
ANNELIDA Caenis sp. 8 
OQligochaeta 40 Isonychia sp. 47 
Hirudinea 2 Baetis sp. 1 
MOLLUSCA Tricorythodes sp. 1 
Gastropoda Stenonema ares 40 
Geniobasis sp. 73>. Stenonema interpunctatum 12 
Ferrissia sp. 7 Stenonema pulchellum 25 
Amicola sp. 2 Stenonema nepotellum_ 16_ 
Pelecypoda 
Sphaerium sp. 30 oe 
Psidium sp. 10 LEPIDOPTERA 
CRUSTACEA 
Phyllopoda COLEOPTERA 
ODONATA Psephenus sp. (1) 
Amphipoda Argia sp. 2 Optioservus sp. (L) 
Gomphidae (im. ) 2 Heterlimnius sp. (L) 
——SSs Se _Stenelmis sp. (1) 
Isopoda S. sp. (A 
—_—— __.._ _Optioservus sp. (A) _ 
Decapoda HEMI PTERA 
Qrconectes punctimanus | 
DIPTERA 
, Ped) pedida ee go 
INSECTA NEUROPTERA ~ _Simulidae 
PLECOPTERA ae 
Neoperla clymene 2 ee 
Hydroperla nalata  _ 21 
Allocapnia sp. 8 MEGALOPTERA se 
Perlesta sp. 3 Corydalus cornutus Be a a 
MISCELLANEOUS 
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MOLLUSCA 


Gastropoda 
Somatogyrus sp. 


Goniobasis sp. 
E * + 





Pe lecypoda 
erjum sp. 


|. 





CRUSTACEA 
Phy 1llopoda 





Amphipoda 








Isopoda 








Decapoda 














INSECTA 
PLECOPTERA 
erla nalata 


Isoperla richardsoni 


Neoperla clymene 











PTTL 
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BENTHOS ANALYSIS 


STATION SS~4 


TAXA 35 


EPHEMEROPTERA 


Caenis sp. 
Isonychia sp. 
Potomanthus sp. 
Leptophlebia sp. 
Ephemera simulans 
Pseudocloeon sp. 
Stenonema ares 
S$. pulchellum 
9. bipunctatum 

- interpunctatum 


cA 
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ODONATA 
hiogomphus sp. 


regia sp. 
Gomphidae 


| 








HEMI PTERA 














NEUROPTERA 








MEGALOPTERA 


Corydalus cornutus 
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DATE 2-16-65 


DIVERS ITY. 





TRICOPTERA 


Helicopsyche sp. 
Cheumatopsyche sp. 
Hydroptilidae 
Polycentropus Sp. 


Neo phylax sp. 


LEPIDOPTERA 


evvpneanagmp casa TTT Nn 


COLEOPTERA 
Stenelmis sp. (L 
Stenelmis sp. (A 


Optioservus sp. (1) 


Psephenus sp. (L 


Gonie lmis Sp. (L) 


DIPIERA 
Simulium 


endipedidae 
abanus Sp. 
riocera sp. 


MISCELLANEOUS 
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STREAM Shoal Cr. 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 


Oligochaeta 
Hirudinea 
MOLLUSCA 
Gastropoda 
Goniobasis sp. 





Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phy llopoda 


Amphipoda 


Isopoda 
Lirceus sp. 


Decapoda 
Orconectes sp. 


INSECTA 
PLECOPTERA 


Neoperla clymene 
Acroneuria arida 


REMARKS: 


209 


BENTHOS ANALYSIS 


oTATION 
TAXA 
E PHEMEROPTERA 
Baetis sp. 


Ephemerella bicolor 
“Tricorythodes sp. _ 
Caenis sp. 
Isonychia sp. 


Ss-4 





DATE 5-11-65 
DIVERSITY 


TRICOPTERA 
Cheumatopsyche sp. 
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Potomanthus sp. 
Ephemera varia 
E. guttulata 


Stenonema ares 
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S. nepotellum 


Ss interpunctatum 
S. femoratum 
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Argia sp. 
Gomphidae 
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NEUROPTERA 


MEGALOPTERA 
Corydalus cornutus 











DIPTERA 
Tendipedidae 
Syrphidae 
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STREAM Shoal Creek 
NUMBER OF ORGANISMS 


PLAT YHELMINTHES 





ANNELIDA 
Oligochaeta 
Hirudinea 

MOLLUSCA 

Gastropoda 
miobasis sp. 
sa sp. 


Ph 








Pelecypoda 
Sphae rium sp. 





CRUSTACEA 
Phy Llopoda 





Amphipoda 








Lsopoda 








Decapoda 
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BENTHOS ANALYSIS 


STATION 58-10 


TAXA 22 DIVERS ITY. 


E PHEMEROPTERA 














ODONATA 
Gomphidae (im.) 
Argia sp. 
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MEGALOPTERA 
-Corydalus_ cornutus 
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DATE 9-3-64 


TRICOPTERA 
__Helicopsyche. § pn 
Che 


LEPIDOPTERA 


Aegean nnsennammnsee tS ASE Set 


COLEOPTERA 


Psephenus sp. (L) 
Stenelmis sp. (A) 


S. sp. (L 


Optioservus Sp. (L) 


DIPTERA 
Tendipedidae 
Hemerodromia § ; 


Simulium sp. | 
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BENTHOS ANALYSIS 


STREAM Shoal Creek STATION Ss-10 DATE 12-2-64 
NUMBER OF ORGANISMS 1,778 TAXA _39 DIVERSITY 

PLAT YHELMINTHES E PHEMEROPTERA TRICOPTERA 

Planaria a5 


ANNELIDA 
OQligochaeta 
Hirudinea 
MOLLUSCA 

Gastropoda 
Apalnbaes 
Physa_sp. 
E ae 


Pelecypoda 
Aphacrium sp, 


CRUSTACEA 
Phyllopoda 


Amphipoda 


[sopoda 
EEO GUS SD ei 
Asellus stygius 


Decapoda 


INSECTA 

PLECOPTERA 

Neoperla clymene 

Taeniopteryx maura 

Allocapnia sp. 

Neoph asgonophora 
capitata 





REMARKS: 














Lsonychia sp. 
Pseudocloeon sp. 
Tricorythodes sp. 
Ephemera varia 
Stenonema ares 
2 a berpunctatum 
—i.tripunctatam 
$.. pulchellum 
5... nepotellum 





























Heli¢opsyche sp. 
Cheumatopsyche sp. 
Hydropsyche aerata 
H. betteni 


Chimarra obscura 
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ODCNATA 
Gomphidae (im. ) 
Argia sp. 
Hetaerina sp. 














LEPIDOPTERA 





COLEOPTERA 
Psephenus sp. (hb) 


Stenelmis sp. 
Optioservus sp. 
Cylloepus sp. 
Helichus sp. 






































NEURO PTERA 


MEGALOPTERA 
Corydalis cornurus 


ITTF 





Tendipedidae 
Simulidae 


Tipula sp. 

















MISCELLANEOUS 
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Ferrissia sp. 


Pelecypoda 
Sphaerium sp. 





CRUSTACEA 
Phyllopoda 


Amphipoda 
Synurella sp. 


Isopoda 
Lircais sp. 
Asellus tridentatus 


Decapoda 





Palaemonetes kadiakensis 1 














INSECTA 
PLECOPTERA 
nalata 
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BENTHOS ANALYSIS 


















































Neophasgonophora capitata24 MEGALOPTERA 


as 
Branchyptera fasciat 
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E PHEMEROPTERA 

Isonychia sp. 00. 

CaeNI 8 805 ee 

Tricorythodes sp. 6. 
Stenonema interpunctatum 24 
S. tripunctatum  ___.90 
S, nepotellum  ... - _ 125. 
S. bipunctatum = _ 13. 
ODONATA 

Areia 80.0 
Gomphidae 
HEMI PTERA 

NEUROPTERA 

Coryda lus cornutus 2 











DATE_2-16-65 





DIVERS ITY 
TRICOPTERA 
Chimarra obscura 
Cheumatopsyche sp. 
a ee ete eae er ee 
eee eee eee 
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LEPIDOPTERA 
OEE 
COLEOPTERA 
Psephenus sp. (1) 
Stenelmis sp. (L 
Stenelmis sp. (A 


Optioservus Sp. (L) 


DIPTERA 
Simulium sp. 
endipedidae 
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STREAM Shoal Cr. 


NUMBER OF ORGANISMS 


PLAT YHELMINTHES 
Planaria Sp. 


ANNELIDA 
Hirudinea 


MOLLUSCA 
Gastropoda 


Gyratlus sp. 
Goniobasis sp. 


Pelecypoda 
Sphaerium sp. 


CRUSTACEA 
Phyllopoda 


Amphipoda 
Crangonyx sp. 


Isopoda 
Lirceus sp. 


Decapoda 
Orconectes eupunctus 





INSECTA 
PLECOPTERA 


Perlesta placida 
Neoperla clymene 
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BENTHOS ANALYSIS 


STATION ss-10 


EPHEMEROPTERA 
Isonychia sp. 
Tricorythodes sp. _ 


Heptagenia sp. 
Sstenonema ares 

o. interpunctatum 
o. nepotellum 

S. bipunctatum 
Baetis sp. 


TAXA 28 


























DATE 5-11-65 
DIVERSITY 


TRICOPTERA 
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ODONATA 
Tauriphila sp. 


HEMI PTERA 


NEUROPTERA 





MEGALOPTERA 
Corydalus cornutus 

















LEPIDOPTERA 
COLEOPTERA 
Stenelmis sp. (L) 
Stenelmis sp. (A 


Optioservus sp. (L) 
Psephenus sp. (L) 

















DIPTERA 
Tendipedidae 


mulium sp. 
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BENTHOS ANALYSIS 


STREAM Turkey Creek STATION St-9 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 





ANNELIDA 
i haeta 


mI 


MOLLUSCA 
Gastropoda 
Sa sp. 
lanorbidae 











Pelecypoda 








CRUSTACEA 
Phyllopoda 





Amphipoda 








Isopoda 








Decapoda 
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DATE_9-2-64 
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TRICOPTERA 
Cheumatopsyche sp. 


LEPIDOPTERA 


Sev eam 


COLEOPTERA 
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BENTHOS ANALYSIS 


STREAM Turkey Cr STATION 9 





























































































































t-9 DATE 2-17-65 
NUMBER OF ORGANISMS 150 __ TAXA? DIVERSITY 
PLATYHELMINTHES EPHEMEROPTERA TRICOPTERA 
ANNELIDA CCC 
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STREAM Turkey Creek STATION 


BENTHOS ANALYSIS 


St-9 


NUMBER OF ORGANISMS 1.132 TAXA 


PLATYHELMINTHES 


ANNELIDA 


MOLLUSCA 
Gastropoda 


Pelecypoda 


CRUSTACEA 
Phy llopoda 


Amphipoda 





Isopoda 


Decapoda 


INSECTA 
PLECOPTERA 
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1000 
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DATE 12-1-64 
DIVERS ITY 


TRICOPTERA 
Chimarra aterrima 
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MEGALOPTERA 











LEPIDOPTERA 








COLEOPTERA 
Optioservus sp. (L 























DIPTERA 
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STREAM Turkey Cr. 


NUMBER OF ORGANISMS 


PLATYHELMINTHES 


ANNELIDA 
Oligochaeta 


MOLLUSCA 
Gastropoda 
Physa Sp. 


Pe lecypoda 


CRUSTACEA 
Phy llopoda 
Amphipoda 


Isopoda 


Decapoda 








INSECTA 
PLECOPTERA 
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STATION St-9 DATE 5-11-65 
804 TAXA 4 DIVERSITY 
EPHEMEROPTERA TRICOPTERA 
OS eee ar, Se ge 
3 A ge 
LEPIDOPTERA 
COLEOPTERA 
ODONATA Stenelmis sp. (A) lL 
HEMI PTERA aes 
| DIPTERA 
Tendipedidae 300 
NEUROPTERA 
MEGALOPTERA : Se ee ea ae a 
See! MISCELLANEOUS 
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APPENDIX D 


WATER QUALITY DATA 


TABLE OF CONTENTS 


WATER QUALITY DATA 


Table I - James River Basin of the White River Basin 
Table II - Spring River Basin 
Table III ~ Elk River Basin 


SYMBOLS AND ABBREVIATIONS 


The following symbols and abbreviations are employed 
throughout the appendixes of this report: 


L.A. - Laboratory accident 
- No data 
M.G.D. ~ Million gallons per day 
cfs - Cubic feet per second 
ppm - Parts per million by weight 
% - Greater than 
< - Less than 
cm - Centimeter 
ml - Milliliter 
OG - Degrees centigrade 
phth - Phenolphthalein 
Iiwy. - Highway 
L.W. - Low water 
Sec. - Section 
Sur. - Survey 
T - Township 
R - Range 
d - Dead 
a - Alive 
Pp - Present 
M - Municipal 
P - Private 
P.E. - Population Equivalent 
H - Softening 
F - Filtration 
C - Chemical 
I - Iron or manganese removal 
D - Disinfection 
Befr. Trt. - Before Treatment 
* - Estimated 
+ - Field data where mixed with laboratory data 
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APPENDIX D 


WATER QUALITY DATA 


Method of Analysis 


The methods of analysis employed are basically those recommended in 
STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTE WATER INCLUDING 
BOTTOM SEDIMENTS AND SLUDGE, Eleventh Edition, 1960, prepared and published 
jointly by the American Public Health Association, American Water Works 
Association and Water Pollution Control Federation. The methods were 
modified where it was necessary to take care of interfering substances. In 
all cases approved methods were used. Listed is a tabulation of the obser- 
vations made at all stations in the James, Spring, and Elk River Basins. 


The data is tabulated by basin areas as follows: 
Table I - James River Basin of the White River Basin 


Table II - Spring River Basin 
Table III - Elk River Basin 


APPENDIX D TABLE I PAGE 2 


JAMES RIVER BASIN WATER QUALITY DATA 


Water Temp. sate Oxygen | Dissolved Oxygen 
oC pm te Saturation 

J- 2 112 1. 8} 0.3 40.9 126 30 12 3} 11 5. “a 6.6}13. 6 | 13.0 72\) 62 101 aa7 

aE AEH AE ARGS ates Lenauae 

| Js- 12} 11} 17 0.5) 0.6}, 2.7 7.3 ‘ 10 lie. 4 i : l hy B1109| 

faa eal SL a ICE a 

J-d 2}11 12.2 8. 5 | 65.9 258 8. 8 | 9.8/}11.9 ll. 8 | 11. 91 - 116 


Jwsp-1 6/10 | 16.3]15.3] 13.4 36. 3 | 
| Jw-1 6{10 be 5)12. 0 10. 0 22. ; 
| Jw-2 
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*Estimated DATES STREAMS WERE SAMPLED 

STREAM STATION SUMMER FALL WINTER SPRING 

James River J-1 through 8 8-(3-6-5)-64 10-(19-20-21)-64 1-(18-19-20)-65  4-(27-28-29)-65 
Pearson Creek Jp-l 8-5-64 10-20-64 1-18-65 4-27-65 
Sequiota Ja-1 8-4-64 10-19-64 1-19-65 4-27-65 

Rader Spring Jwsp-1 8-4-64 10-20-64 1-19-65 4-28-65 

Wilson Creek Jw-1,2 8-4-64 10-(20-21)-64 1-19-65 4-28-65 

Finley Creck Jf-l through 4 8-20-64 10-11-(19-5)-64 2-1-65 5-3-65 

Crane Creek Je-1l 8-6-64 10-21-64 1-20-65 4-29-65 

Flat Creek J£f1-1,2 8- (6-19)-64 1L1- (4-5) -64 2-(1-2)-65 5-(3-4)-65 
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DATES STREAMS WERE SAMPLED 


4~(27-28-29)-65 





SPRING 


1- (18-19-20)-65 





WINTER 


10- (19-20-21)-64 


FALL 


8- (3-5-6) -64 
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7-1 through 3 
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Flat Creek 
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JAMES RIVER BASIN WATER QUALITY DATA 


Nitrite as N 












0.030 | 2 
26 FES 





0.005) 
| 0.005. 


Jwsp-1 0.500} 0,200] 
Jw-1 | 2.30.) 21,000 
Sno- 2 | 0.600} 0,600 


0.080] 0.125 





oOlH O Ole © 
= ot Lt a a 
Wo iLO et LO a isd 


: 
Wri | 





J-7 

J-6 

J£1-1 

| JE1-2 

STREAM STATION SUMMER 
James River J-1 through § 8- (3-5-6)-64 
Pearson Creek Jp-1l 6-5-64 
Sequiota Js-1 8-4-64 
Rader Spring Jwsp-1 — 3-4-64 
Wilson Creek Jw-1,2 §-4-64 
Finley Creek Jf-1 through 4 6-20-64 
Crane Creek Je-1 C-6-64 

Flat Creek J£1-1,2 8- (6-19) ~-64 
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ofo Cj/Ow 
a = a . * . 
9 [so NR KO & 


o Oo 
Oo bo 


TABLE I 









FALL 

10- (19-20-21) -64 
10-20-64 
10-19-64 
10-20-64 

10- (20-21)-64 
10-11-(19-5)-64 
10-21-64 
11-(4-5)-64 


) Nitrate as N Ammonia as WN | 
m ppm = 
: . _W 7 Sea Se ees Aa 


WINTER 


i- (18-19-20)-65 


1-18-65 
La39*65 
1-19-65 
1-19-65 
2-1-65 

1-20-65 


2-(1-2)-65 


Orthopho 





+ | 
eo 


SPRING 


4- (27-28-29)-65 


4-27-65 
4-27-65 
4-25-65 
4-28-65 
5-3-65 

4-29-65 


5-(3-4)-65 


yhate as FO, 


APPENDIX D TABLE I 
JAMES RIVER BASIN WATER QUALITY DATA 





Fecal Streptococcus 
per 100 ml. 





Coliform Bacteria 
per 100 ml. 






Turbidity 
ree 














40 0,000 | 10, es 10, a5 9,000 
B40 ,000| 6,000 |76,000 Pa 000 
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170 00 
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40 
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DATES STREAMS WERE SAMPLED 





. STREAM STATION SUMMER FALL WINTER SPRING 
James River J-1 through & 8- (3-5-6)-64  10-(19-20-21)-64 1-(18-19-20)-65 4-(27-28-29)-65 
Pearson Creek Jp-1l §-5-64 10-20-64 1-18-65 4-27~65 
Sequiota Js-1 6-4-64 10-19-64 1-19-65 4-27-65 
Rader Spring Jwsp-1 8-4-64 10-20-64 1-19-65 4-25-65 
Wilson Creek Jw-1,2 §-4-64 10- (20-21)-64 1-19-65 4-28-65 
Finley Creek Ji-1 through 4 §-20-64 10-11-(19-5)-64 2-1-65 5-3-65 
Crane Creek Je-1 8-6- 64 10-21-64 1-20-65 4-29-65 


Flat Creek J£1-1,2 8- (6-19)-64 L1-(4-5)-64 2-(1-2)-65 5- (3-4)-65 
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Pearson Creek 
Sequiota 
Rader Spring 
Wilson Creek 
Finley Creek 
Crane Creek 
Flat Creek 
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J-1 through & 
Jp-1 
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Jwsp-1 

Jw-1,2 

Jfi-1 through 4 
Jce-1 

J£1-1,2 
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JAMES RIVER BASIN WATER QUALITY DATA 
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10- (20-21) -64 
10-11-(19-5)-64 
10-21-64 
11-(4-5)-64 


WINTER 
1- (18-19-20) -65 
1-18-65 

1-19-65 

1-19-65 

1-19-65 

2-1-65 

1-20-65 
2-(1-2)-65 








4- 4-(7- ~28-29)-65 
4-27-65 

4-27-65 

4-28-65 

4-28-65 

5-3-65 

4-29-65 
5-(3-4)-65 
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JAMES RIVER BASIN WATER QUALITY DATA 
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DATES STREAMS WERE SAMPLED 


SPRING 


WINTER 


SUMMER FALL 
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STREAM 
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8- (3-5-6)-64 
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8-4-64 

6 


a 
a 


-65 
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1-18-65 


1-19-65 
1-19-65 


J-1 through € 
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2-1-65 


10- (20-21) -64 
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J£-1 through 4 
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Creek 


Finley Creek 
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10-11-(19-5)-64 


10-21-64 


8-20-64 
8-6-64 
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Je-1 
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Crane Creek 
Flat Creek 


4-29-65 


2-(1-2)-65 5- (3-4)-65 


1i- (4-5)-64 


8- (6-19)-64 
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SPRING RIVER BASIN WATER QUALITY DATA 


| Ais ia Flow Water Temp. 
iu cfs 


Dissolved Oxygen Dissolved Oxygen 


% Saturarion 
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seo [31 [10 afaePofelas Tesch rat ro e.0f sof eel sefior 
23 5 | 9123 $0/113)111 
21 u 2 29 “4 5 | 8)25 96]124]100 

| 29}11 }10}30 6) SPSI26 | 64/117) 105 

*Estimated DATES STREAMS WERE SAMPLED 

STREAM STATION SUMMER FALL WINTER SPRING 

Shoal Creek Ss-3,4,10 8-31-64 12- (2-16)-64 2-17-64 2- (23-24) -65 

Center Creek Sc-1 through 8 9-(1-2)-64 11-12-(30-1)-64  2-(16-17)-65 6-(22-23)-65 

Spring River S-l through 8 9-(14-15)-64 12-(15-16-17)-64 3-(16-17)-65 5-6-(31-1)-65 

Willicme €reek Sw-1 9-17-64 12-15-64 3-16-65 5-31-65 

Honey Creek Sh-1 9-17-64 12-16-64 3-16-65 5-31-65 

North Fork Spring River snf-2,3 9-16-64 12-17-64 3-(17-18)-65 8-9-65 


Turkey Creek st-9 9-2-64 12-2-64 2-18-65 6-23-65 


APPENDIX D TABLE II PAGE 9 


SPRING RIVER BASIN WATER QUALITY DATA 


Phth. Alk. | Total Alkalinity Me. Hardness | Calcium Hardness | “Spec. Conds 
| as CaCO; as ae oc ae as CaCO ppm as CaCO, ppm micromhos/cm 
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DATES STREAMS WERE SAMPLED 





STREAM STATION SUMMER FALL WINTER SPRING 
Shoal Creek Ss-3,4,10 §-31-64 12- (2-16)-64 2-17-64 2- (23-24)+65 
Center Creek Se-1 through 8 9-(1-2)-64 11-12-(30-1)-64 2-(16-17)-65 6-(22-23)-65 
Spring River S-1 through & 9-(14-15)-64 12-(15-16-17)-64 3-(16-17)-65 5-6-(31-1)-65 
Williams Creek Sw-1l 9-17-64 12-15-64 3-16-65 5-31-65 
Honey Creek Sh-1 9-17-64 12-16-64 3-16-65 5-31-65 
North Fork Spring River Snf-2,3 9-16-64 12-17-64 3-(17-18)-65 89-65 


Turkey Creek St-9 9~ 2-64 12-2-64 2-18-65 6-23-65 
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STREAM 

Shoal Creek 

Center Creek 

Spring River 

Williams Creek 

Honey Creek 

North Fork Spring River 
Turkey Creek 


Ammonia as N 


TABLE I1 


SPRING RIVER BASIN WATER QUALITY DATA 





3 ‘ 
‘if | 
me tthe date Re 
Beef Sages 3 55 0. 25 | * o [1.2 0.2] 0.1] 3.7 


. * = . * 
USK OO wOON} 
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Nitrate as N 
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DATES STREAMS WERE SAMPLED 


STATION 
Ss-3,4,10 

Sc-l through 8 
S-1 through 8 
Sw-1 

Sh-1 

Snf-2,3 

St-9 


SUMMER 
8-31-64 
9-(1-2)-64 
9- (14-15) -64 
9-17-64 
9-17-64 
9-16-64 
9-2-64 


FALL 
12-(2-16)-64 
11-12-(30-1)-64 
12-(15-16-17)-64 
12-15-64 
12-16-64 
12-17-64 
12-2-64 







Nitrite as N 


+ Field Data 


MINTER_ 
2-17-64 
2- (16-17)-65 
3-(16-17)-65 
3-16-65 
3-16-65 
3-(17-18)-65 
2-18-65 


S 
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a 
9° 
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6- 
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Orthophosphate as PO, 


ppm 
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PAGE 11 
SPRING RIVER BASIN WATER QUALITY DATA 
Raerwense as ABS Coliform Bacteria | Fecal Streptococcus Turbidity 
per 100 ml. per 100 ml. Units 
3 See rarer: slat 
Salil 600 |10000 #6000}10000 | 40 {1100 360 |4 Lee 
3 : | 34] 120 ¥ 264 | 12) 8{ 70 | 19/25 3|29 | | 
ae % 
10000 {11000| 360 | 110 |1200| 320) 370 | 24)¢5) 10/24 | 
40 12 | 2400] 270 | 72] 2} 190) 320 | 14} <5 =< 31 : 
| 
") 
. 
. 
| 
| 
) | 
sof PPP ne i frond tooo [130 R600 S70 | 350 "shs | “eb 3 — 2] 
< 450 180 | 600| ¢<50| 42] 140 71é5 | 651) ¢5 > 
50 |} 190 | 160] 450] 6{7000 | 13]<5] ¢5)10 
600, 2 300 | 80|400| ¢2] 100 | 15|<5} ¢5| 8 
DATES STREAMS WERE DATES STREAMS WERE SAMPLED 
STREAM STATION se sea WINTER _ SPRING . 
Shoal Creek Ss-3,4,10 8-31-64 12-(2-16)-64 2-17-64 2- (23-24)-65 12 
Center Creek Sc-l through 8 9-(1-2)-64 11-12-(30-1)-64 2-(16-17)-65 6-(22-23)-65 
Spring River S-l1 through 8 9-(14-15)-64 12-(15-16-17)-64 3-(16-17)-65 5-6-(31-1)-65 
Williams Creek Sw-1 9-17-64 12-15-64 3-16-65 5-31-65 f 
Honey Creek Sh-1 9-17-64 12-16-64 3-16-65 5-31-65 
North Fork Spring River Snf-2,3 9-16-64 12-17-64 3-(17-18)-65 8-9-65 


Turkey Creek St-9 9-2-64 12-2-64 2-18-65 6-23-65 
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SPRING RIVER BASIN WATER QUALITY DATA 


Sulfate as SO, 








3 {0 
eehatataeabataba ty telah — 


PTT M 32 POO 





0.03 |0.02 ]0.02 0.00 | 0.00 Jo.00]0.01]0.00 9.6] 12 | 8.6] 9.0 


STREAM STATION SUMMER FALL WINTER SPRING 

Shoal Creck Ss-3,4,10 8-31-64 12-(2-16)-64 2-17-64 2- (23-24)-65 
Center Creek Sc-l through 8 9-(1-2)-64 11-12-(30-1)-64 2-(16-17)-65 6-(22-23)-65 
Spring River S-1 through 8 9-(14-15)-64 12-(15-16-17)-64 3-(16-17)-65 5-6(31-1)-65 
Williemsa Creek Sw-1 9-17-64 12-15-64 3-16-65 5-31-65 
Honey Creek Sh-1 9-17-64 12-16-64 3-16-65 5-31-65 
North Fork Spring River Snf-2,3 9-16-64 12-17-64 3-(17-18)-65 8-9-65 


Turkey Creek Si-9 9-2-64 12-2-64 2-18-65 6-23-65 


APPENDIX D TABLE II 


SPRING RIVER BASIN WATER QUALITY DATA 
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Silica as $109 sag as K aio as Cl an as F 








: 17 


so am = : = nik 


DATES STREAMS WERE SAMPLED 











STREAM STATION oer BATS FALL WINTER SPRING 

Shoal Creek Ss-3,4,10 8-31-64 12- (2-16) -64 2-17-64 2-(23-24)-65 

Center Creek Sc-1 through 8 9-(1-2)-64 11-12-(30-1)-64 2-(16-17)-65 6- (22-23)-65 

Spring River S-1 through 8 9-(14-15)-64  12-(15-16-17)-64  3-(16-17)-65 5-6-(31-1)-65 
Williams Creek Sw-1 9-17-64 12-15-64 3-16-65 5-31-65 

Honey Creek Sh-1 9-17-64 12-16-64 3-16-65 5-31-65 

North Fork Spring River Snf-2,3 9-16-64 12-17-64 3-(17-18)-65 8-9-65 


Turkey Creek st-9 9-2-64 12-2-64 2-18-65 6-23-65 
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ELK RIVER BASIN WATER QUALITY DATA 
Dissolved Oxygen 


Bix Temp. Flow Water Temp. ar Oxygen 
C in cfs "C % Saturation 
re q aT 7 oe i; 29.5 2am, ot Bats eo | : 


PeaESere Se REC | 

4) 94.4 — 2.0 | 92{115)113 124 | 
PAP eee 

2. ‘0110.4 e 6 12, s | 110 9 119 

21 | 9.0}10.4/13.1]10.9 } 107 97 

ioe 7.4] 6.8 


Y 6.0/14.8)11.3 | Ba] Tal TIe 





252) al27 


Ber: 

1} 20} 1) 28 

J oB 
32) 22 


21 
| 19 R 7 
eeboat shea 8] 4.5) 14.1] 35.9 
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in © | 
cafe Slo BIS cn 
*- « * 

role tolwola 


119 


Phth. Alk. | | Specific Cond. 
as CaCO.p : : micromhos /em 


el 5 21 
‘Lash | 





*Estimated 














DATES STREAMS WERE SAMPLED 
STREAM STATION SUMMER FALL WINTER SPRING 
Big Sugar Creek Ebs-1 8-17-64 11-4-64 2-2-65 5-4-65 
Little Sugar Creek Els-1 6-17-64 11-4-64 2-2-65 5-4-65 
Elk River E-1 thrcugh 3 6-19-64 11-(3-4)-64 2-(2-3)-65  5-(4-5)-65 
Indian Creek Ei-1,2 8-18-64 11-3-64 2-(2-3)-65 5-4-65 
Buffalo Creek B-1 8-18-64 11-4-64 2-3-65 5-5-65 
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ELK RIVER BASIN WATER QUALITY DATA 


Ammonia as N Nitrite as N Nitrate as N Orthophosphate as PO,| 
se ppm 


W 


3 F. S. 
0.000} 0.005)40.005)0.005 
0.000 }<0.005} ¢0.005/0.008 


€0.005| 0.000| <0.005]0.005 | 0.5/0.2 


0.005} 0.007] 40.005|0.010 | 0.7/0.2/0,.8/1. 
0.55} 0.55 0.000} 0.005] (0.005}0.005_ }0.9/1. 


| 0.25/0.70/0.451' 0.0001 0.000] <0.005|0.005 | 0.7|0.2/1.0/1.2 


Fecal Strep. Turbidity 
per 100 ml. Units 


c2| 7/6 : 
51( 8| 20}116 | 50) 
EERIE 
iol100] 34) 29¢ 120}20| ¢2) 

100} 120} 160 42/40} ¢2) 38 | 1 


| 94] 12|110 | 91) 4} 646 | 





+Field Data 





DATES STREAMS WERE SAMPLED 
STREAM STATION SUMMER FALL WINTER SPRING , 
Big Sugar Creek Ebs-1l 8-17-64 11-4-64 2-2-65 5-4*65 Ls 
Little Sugar Creek Els-1l 8-17-64 11-4-64 2-2-65 5-4-65 Ej 
Elk River E-1 through 3 §- 19-64 L1- (3-4) -64 2-(2-3)-65 5-(4-5)-65 
Indian Creek Ei-1,2 5-18-64 11-3-64 2- (2-3)-65 5-4-65 
Buffalo Creek B-1 8-18-64 11-4-64 2-3-65 5-5-65 
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ELK RIVER BASIN WATER QUALITY DATA 






















nibh I as Mm Sulfate as SO, 


ae 







Iron as Fe Silica as Si0, 


ppm 









Station | 9 a eS as Ss. Wf 
Be 1 0.0 bape | deep * go 9.000 ato: 00 se: 6 &.4 13)11 |7.4 
re-1 | 0:0a10.01|0,0210,00 | 0,000; 010 00[0.00 [6.0 0 2-0/8-017.4 | 12} 9.4/6.8 
Rie Z a: 02 bs te 1)0. 00 0 0. 09{o “Fe 00 th 4. “4 ae 0 ia at 11;10 {6.7 
417.6|/7.0 | 11] 9.4)6.7 


e- -3 


rB-1 {| 0,00{0,0010,0110.00 | 0.00]0.00{0.00|0.00 | 6.a|0.4|7.6\6. 7.7 








DATES STREAMS WERE SAMPLED 





STREAM STATION SUMMER FALL WINTER SPRING 
Big Sugar Creek Ebs-1 8-17-64 11-4-64 2-2-65 5-4-65 
Littie Sugar Creek Els-1 3-17-64 11-4-64 2-2-65 5-4-65 
Elk River E-1 through 3 8-19-64 11-(3-4)-64 2-(2-3)-65 5= (4-5)-65 
Indian Creek Ei-1,2 8-18-64 11-3-64 2- (2-3)-65 5-4-65 


Buffalo Creek B-1 §-15-64 11-4-64 2-3-65 5-5-65 


